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ABSTRACT 


This  report  examines  some  of  the  more  practical  aspects  in  the 
application  of  air  ballast  systems  to  the  control  of  free-f light  bal¬ 
loons.  Each  type  of  air  ballast  system,  as  defined  in  Scientific 
Report  No.  1,  is  analyzed  for  the  cost,  availability  of  materials, 
components,  and  instrumentation  required.  In  addition  for  each  type 
of  air  ballast  system  deemed  feasible,  the  possible  flight  system 
configurations,  associated  launching  problems,  and  methods  to  solve 
the  problems  are  investigated.  It  is  the  conclusion  of  this  report 
that  most  air  ballast  systems  can  be  instrumented  and  flown  with  con¬ 
ventional  or  off-the-shelf  components  and  equipment.  Systems  u'xng 
very  large  payloads  are  more  difficult  to  handle  and  launch  than 
smaller  payload  systems  and  probably  will  require  sane  development  in 
new  launching  techniques  and  associated  equipment. 
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Section  I 


INTRODUCTION 


This  report  is  a  result  of  a  study  of  various  flight  control  systems 
and  associated  j ns crumentation  and  launching  techniques  for  air  ballast 
systems.  This  is  the  second  report  relating  to  air  ballast  systems.  In 
Scientific  Report  No.  1,  air  ballast  systems  are  classified  into  three 
groups.  Within  each  group  are  a  variety  of  system  configurations.  Each 
configuration,  however,  works  on  the  same  principle;  that  is  changing  the 
displacement  weight  of  the  ballast  system  to  c'mpensate  for  sunset  and 
sunrise  effects  on  a  zero-pressure  balloon.  The  first  two  groups  require 
little  or  no  external  power  to  operate  except  for  that  necessary  to 
operate  monitoring  instrumentation  and  the  oallast  valve.  The  three 
groups  are: 


1.  Mass  expulsion  ballast  systems. 

2.  Sealed  cell  ballast  systems. 

3.  Powered  air  ballast  systems. 


A.  MASS  EXPULSION  BALLAST  SYSTEM 

The  mass  expulsion  ballast  system  operates  like  the  conventional 
pourable  solid  ballast  systems.  This  system  carries  a  mass  of  air  or 
suitable  gas  within  a  superpressure  balloon,  or  ballast  bag,  to  a  pre¬ 
determined  daytime  operating  altitude,  at  which  the  gas  is  under  pressure 
and  has  a  higher  density  than  the  outside  atmosphere.  When  sunset  occurs, 
the  balloon  begins  to  lose  lift  due  to  "sunset  effect".  At  this  time,  a 
ballast  gas  valve  is  opened  and  the  air  or  gas  within  the  bag  is  allowed 
tc  escape.  The  density  of  the  air  or  gas  within  the  bag  decreases,  thus 
decreasing  its  displacement  weight.  If  the  bag  is  properly  designed  and 
the  proper  mass  of  gas  is  inside  the  bag  during  the  day,  then  when  the 
air  or  gas  escapes,  the  displacement  weight  of  the  bag  will  decrease  by 
the  same  amount  as  the  lift  that  was  lost  due  to  sunset  effect.  Once  the 
gas  is  expelled  from  the  ballast  bag,  the  mass  expulsion  system  can  no 
longer  operate  as  a  ballast  system  unless  the  bag  can  be  refilled  again 
the  next  day. 


Scientific  Report  No.  1,  A  Survey  of  Methods  for  Controlling  the  Altitude 
of  Free  Balloons  with  Air  Ballast  Systems,  Air  Force  CamWidge  Research 
Laboratories,  Office  of  Aerospace  Research,  USAF,  Eedford,  Massachusetts, 
September  29,  1967. 
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B. 


SEALED  CELL  BALLAST  SYSTEM 


The  scaled  cell  Ballast  system,  like  the  mass  expulsion  system,  con¬ 
sists  of  a  bag  of  pressurized  air  or  gas  carried  aloft  with  the  main  balloon 
to  operational  altitude  during  the  day.  When  sunset  effect  occurs  on  the 
main  balloon,  rather  than  let  the  gas  escape  from  the  bag,  tne  whole  balloon 
system  descends  as  lift  loss  is  experienced  on  the  main  balloon.  While  the 
system  is  descending,  the  density  of  the  outside  atmosphere  increases,  thus 
decreasing  the  differential  pressure  on  the  ballast  bag.  If  the  gas  inside 
the  bag  is  air,  the  displacement  weight  of  the  ballast  system  decreases  as 
differential  pressure  decreases.  If  the  gas  is  helium,  the  gross  lift  of 
the  ballast  bag  will  increase  as  the  differential  pressure  decreases.  With 
a  properly  designed  ballast  system,  the  balloon  system  will  level  out  at  an 
altitude  where  the  differential  pressure  on  the  ballast  bag  drops  to  zero. 

At  this  point,  the  decrease  in  displacement  weight  (air-filled  bags)  or  in¬ 
creases  in  gross  lift  (helium-filled  bags)  of  the  ballast  system  will 
compensate  the  total  lift  loss  due  to  sunset  effect.  Unlike  the  mass  ex¬ 
pulsion  system,  the  sealed  cell  ballast  system  can  theoretically  operate 
indefinitely  provided  the  main  balloon  does  not  leak  helium  and  the 
ballast  bag  does  not  lose  ballasting  capability  due  to  gas  leakage. 

Though  the  scaled  cell  air  ballast  system  can  allow  a  balloon  system 
to  stay  up  indefinitely,  if  the  range  over  which  the  system  travels  from 
day  to  night  is  outside  the  mission  objective  of  the  instrument  payload,  it 
is  necessary  to  consider  the  use  of  the  third  group  of  ballast  systems. 


C.  POWERED  AIR  BALLAST  SYSTEM 

The  function  of  a  powered  air  ballast  system  is  to  accumulate  power 
during  the  day  (usually  from  the  sun),  compensate  for  sunset  effect,  and 
utilize  stored  power  during  the  next  morning  to  re-ballast  the  balloon 
system  during  the  sunrise  effect. 

Within  the  powered  air  ballast  system  group  are  two  basic  configura¬ 
tions.  The  first  uses  an  air  compressor  on  a  mass  expulsion  ballast  system 
to  compress  outside  air  into  the  ballast  bag  during  the  morning  while  solar 
radiation  from  the  sun  superheats  the  lifting  gas  in  the  main  balloon.  As 
the  lifting  gas  is  superheated,  and  the  lift  of  the  main  balloon  increases, 
the  outside  air  is  compressed  into  the  ballast  bag,  thereby  increasing  the 
displacement  weight  of  the  air  ballast  system.  The  total  increase  in  lift 
of  the  main  balloon  due  to  superheat  is  therefore  compensated  by  the  total 
increase  in  displacement  weight  of  the  ballast  bag  when  fully  pressurized 
by  the  air  compressor.  During  the  day,  solar  cells  convert  solar  radiation 
to  electrical  energy  to  charge  the  batteries  in  the  ballast  system.  The 
batteries  provide  power  to  the  air  compressor  during  the  eriod  of  the  sun¬ 
rise  effect.  This  type  of  powered  air  ballast  system  ca.  maintain  the 
entire  balloon  system  at  nearly  constant  altitude  indefinitely.  Its  flight 
duration  capability  is  limited  only  by  the  permanent  loss  of  lift  due  to 
leakage  of  gas  from  the  main  balloon  and  the  cyclic  capability  of  the  power 
system. 
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The  . LConJ  typo  of  powered  air  ballast  system  consists  of  a  sealed 
cell  ballast  system  on  a  powered  winch.  Instead  of  allowing  the  entire 
balloon  system  to  descend  at  night  to  compensate  for  sunset  effect,  the 
winch  lowers  the  sealed  ceil  ballast  bag  while  the  main  balloon  with  its 
instrument  payload  remains  at  constant  altitude.  The  power  cycle  for 
this  system  is  essentially  the  same  as  the  powered  mass  expulsion  system. 
\ge-'.n ,  the  flight  duration  capability  is  indefinite,  except  now  it  is 
limited  by  leakage  of  gas  frem  the  ballast  bag  as  well  as  from  the  main 
osiloon.  Notice  that  in  the  powered  mass  expulsion  system,  any  leakage 
from  the  ballast  bag  can  be  compensated  by  the  air  compressor  on  the  bag. 


D.  CAPABILITIES  OF  AIR  BALLAST  SYSTEMS 

The  gross  lift  and  the  amount  of  sunset  effect  on  the  zero-pressure 
main  oalloon  governs  the  ballasting  requirements  from  the  air  ballast 
system.  The  capacity  of  the  air  ballast  system,  in  turn,  depends  on  the 
volume  of  the  ballast  sag  and  on  the  cnaracterisitcs  cf  the  ballast  bag 
material;  that  is,  superneat  effect,  weight,  strength,  and  elasticity. 

As  noted  m  Report  No.  1,  bag  fabric  characteristics  limit  not  only  the 
capaoilities  of  a  particular  size  air  ballast  system  but  also  the  size 
of  the  system.  For  each  set  of  bag  fabric  characteristics,  there  exists 
a  maximum  or  optimum  size  bag  for  a  given  set  of  operating  conditions. 

If  the  ballast  bag  is  made  any  larger  than  this  maximum  or  optimum  size, 
the  payload  capability  cf  the  whole  system  is  decreased,  or  else  the 
ballast  bag  can  not  structurally  withstand  the  pressures  attributed  to 
superheating,  much  less  the  pressures  required  to  achieve  air  ballast. 
This  maximum  or  optimum  size  of  the  ballast  bag  which  Limits  the  payload 
capability  of  the  balloon  system,  in  turn  is  dependent  not  only  on  the 
fabric  characteristic  of  the  ballast  bag  but  also  on  the  fabric  in  the 
main  balloon. 


The  payload  capabilities  of  tne  air-filled  mass  expulsion  and  sealed 
cell  air  ballast  systems  are  the  same.  Jt  was  found  that,  for  increasing 
operational  altitudes,  the  optimum  size  of  the  bags  increased  as  well  as 
the  payload  capabilities  of  the  system.  Table  1-1  shows  examples  where 
payload  capabilities  were  determined  for  an  air-filled  2-mil  Mylar  ballast 
bag  carried  by  a  2-mil  Polyethylene  zero-pressure  main  balloon.  The  sun¬ 
set  effect  on  main  balloon  and  ballast  bag  was  assumed  to  be  10  percent. 

The  payload  capabilities  of  helium -filled  sealed  cell  ballast  systems 
are  higher  than  air-filled  systems  because  cf  the  added  lift  from  the 
caliast  nag.  It  was  noticed,  however,  that  operational  altitudes  have  a 
smaller  effect  on  the  payload  capabilities.  It  was  also  found  that  there 
is  no  optimum  bag  size  but  rather  a  maximum  bag  size  for  which  the  helium- 
filled  sealed  cell  system  can  be  made.  At  this  maximum  size,  the  bag  can 
only  withstand  differential  pressures  due  to  its  own  superheat  during  the 


day;  that  is  the  ballast  system  flies  by  itself  as  a  superpressure  balloon. 
Table  1-2  lists  some  payload  capabilities  of  helium-filled  systems.  These 
can  be  compared  with  the  same  ballast  systems  and  assumptions  made  for  the 
air-filled  system. 
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;’.'*ction  II 


FLIGHT  CONTROL  SYSTEMS 


A.  TEST  AND  DESIGN  EVALUATION  INSTRUMENTATION  REQUIREMENTS 

From  Scientific  Report  No.  1,  it  was  shown  that  the  payload  capacity 
of  an  air  ballast  system  on  a  zero -pres sure  balloon  is  dependent  on  bag 
radius,  altitude  of  operation,  superheat  temperature  both  day  and  night, 
and  the  bag  fabric  stress  parameters .  For  both  sealed  cell  and  mass  ex¬ 
pulsion  ballast  systems  with  zero  ballast  bag  superheat  at  night,  it  was 
found  that: 


L'  (payload) 


"32 

Ra" 


V 


hirPe 


Ra  Ta-j  ( lm,  ) 


(l*3S1/E)n1 

1(  l+h]_) 


■ISF(V)'1] 
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where 


tb 


r 


«a 

Ta^ 


N 


F(S) 


Bag  stress  (psi)  during  day 
Bag  thickness  (inches) 

Bag  radius  (feet) 

Universal  gas  content  for  air 
Ambient  day  air  temperature 

Ratio  of  superheat  in  ballast  bag  to  ambient  air 
temperature 

Fabric  modulus  of  elasticity  (psi) 

Density  of  air  (Ib./cu.ft.) 

Kai  1  balloon  superheat  effect 

Ratio  of  total  gross  lift  to  total  payload  on 
main  balloon 

Ballast  bag  fabric  weight  (lb. /sq.ft. ). 


In  attempting  to  determine  payload  capabilities  for  specific  air 
ballast  systems  and  main  balloons,  it  was  necessary  to  assume  arbitrary 
values  for  such  parameters  as  ballast  bag  superheat,  sunset  effect  in 
main  balloon,  and  stresses  on  the  ballast  bag.  Because  these  parameters 
greatly  effect  the  payload  capacity  of  an  air  ballast  system,  it  is 
necessary  to  know  the  value  of  these  parameters  accurately,  or  at  least 
to  know  the  worse  case  conditions  to  expect,  before  designing  and  flying 
a  balloon  system  dependent  upon  an  air  ballast  system.  It  is  envisioned 
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therefore  tna"  <‘urt..  ’  m-. 
in  a  "piggy  back"  fa..'.. 
ballast, . 


flights  carrying  air  ballast  system:.  will  be  flown 
with  balloons  containing  conventional  droppable 


Tne  conventional  Jroppanlo  ballast  will  augment  the  air  ballast  so  that 
sunset  effect  on  the  main  nalloon  will  be  compensated  completely.  This 
"piggy  bacit"  system  will  allow  for  heavier  payloads,  and  consequently  a 
more  mobile  and  highly  instrumented  flight  which  can  oe  positively  control¬ 
led  and  monitored .  Therefore,  it  will  bt  possible  to  obtain  more  accurate 
and  realistic  values  for  the  design  and  flight  of  these  balloon  systems  shat 
depend  solely  on  the  ballast  available  from  an  air  ballast  system. 

Examination  of  the  payload  formula  reveals  the  terms  which  need  to  be  de¬ 
termined  from,  instrument teu  flights.  Terms  such  as  bag  radius,  (r),  bag 
material  thickness  (t),  and  main  balloon  payload  to  gross  lift  ratio  F(s)  a-c 
determined  by  design,  and  can  be  ascertained  by  measurements  and  quality 
control  in  fabrication.  Bag  fabric  modulus  of  elasticity  (E)  can  be  deter¬ 
mined  fairly  accurately  under  laboratory  conditions  for  the  temperatures 
expected  at  operating  altitudes. 

Fabric  stress  (Sp)  determines  the  amount  of  pressure  the  bag  contains. 
Strain  gages  can  measure  this  stress  directly.  However,  strain  gages  are  dif¬ 
ficult  to  mount  cn  flimsy  balloon  fabric,  and  at  best,  would  set  up  local 
stresses  and  constrictions  which  could  produce  inaccura  ,e  results.  It  is  felt 
that  measurement  of  differential  pressure  (  AP)  will  produce  more  accurate 
data.  Fabric  stress  can  be  determined  mathematically  from  aP  by  the  following 
formula  derived  in  Report  Ho.  1: 


rwwm 

Since  a P  is  uniform  throughout  the  oallast  bag,  the  differential  transducer 
may  be  mounted  wherever  convenient,  preferably  near  the  instrument  package 
payload.  However,  the  transducer  should  be  located  away  from  the  ballast 
valve,  lest  local  turbulence  and  partial  pressure  drops  created  by  the  gas 
escaping  through  the  valve  disturb  the  readings. 

Superheat  in  the  main  balloon  and  the  ballast  bag  has  a  great  effect  on 
the  ballast  system.  It  is  necessary  to  accurately  determine  both  internal 
temperatures  of  the  main  balloon  and  ballast  bag  and  the  ambient  air  tempera¬ 
ture.  Ambient  air  temperature  can  be  determined  fairly  easily  from  a 
temperature  probe,  such  as  a  thermistor  bead,  suspended  away  from  the  paylcaa 
and  shielded  from  rad iat ion  from  the  earth,  the  sun,  and  the  balloon  system 
itself',  A  successful  method  for  measuring  ambient  air  temperature  is  to  use 
/a"1  t  bead  .thermistor  suspended  on  a  line  a  few  hundred  feet  below  the 
j.ight  train. 


t Little,  A.D.  Report  He.  V,  The  Measurement  of  High  Altitude  Balloon  Gas 
Temperature,  R.  M.  Lucas  end  G.  H.  Hall,  October  1966. 
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Temperature  measurement  of  the  balloon  gas  and  gas  inside  the  ballast 
bag  can  bo  accomplished  by  using  a  small  shielded  bead  thermistor  suspended 
as  close  as  possible  to  the  center  of  the  volume  of  gas  to  be  measured. 

The  line  suspending  the  thermistor  should  be  attached  to  the  top  of  the 
balloon  or  ballast  bag  and  allowed  ta  hang  along  the  axis  of  the  volume 
being  measured.  The  use  of  one  temperature  probe  should  be  sufficient  to 
measure  gas  temperature  if  it  is  positioned  so  that  it  is  centrally  located 
and  far  enough  away  from  the  walls  of  the  balloon  to  prevent  its  tempera¬ 
ture  from  being  coupled  to  the  fabric  temperature.  As  pointed  out  in 
A.  D.  Little  Report  No.  V  t, 

"...There  is  a  toroidal  mixing  of  the  gas  upward  along 
the  balloon  fabric  and  downward  in  the  center  along  the 
thermistor  string  so  this  location  for  the  sensors  ap¬ 
pears  appropriate.  The  rotational  symmetry  of  the 
mixing  results  fran  the  radiative  absorption  of  the 
fabric  on  the  far  as  well  as  near  side  to  the  sun  and 
the  fact  that  balloons  tend  to  oscillate  in  rotation 
through  much  of  their  flight". 

Once  the  ambient  air  and  internal  gas  temperatures  are  known,  the  super¬ 
heat  effect  terms  for  the  payload  formula  can  be  determined  by  the  following 
equations: 


nl 


n2 


Ty,  „  T 

bl  al  _  bl. 
- Ff - -  *=  f jr— > 

al  al 


Tb2  "  Ta2  fib2 


N  •»  -  N2  « 


^mb^  '  Ta^  ^mb2"  Ta2  ^mb^  ^mb2. 


Tc 


where. 


•*mb 


1,2 


%2 


Ballast  bag  gas  temperature  (day,  night) 
Main  balloon  gas  temperature  (day,  night) 
Ambient  air  temperature  (day,  night). 


The  superheat  effect  on  the  main  balloon  is  determined  by  the  difference 
between  the  two  ratios  for  day  and  night  superheat  temperature  over  ambient 
air  temperatures.  If  ambient  air  temperature  stays  nearly  the  game  both  day 


t' 


Little,  A.D.  Report  No.  V,  The  Measurement  of  High  Altitude  Balloon  Gas 
Temperature .  R.  M.  Lucas  and  G.  K.  Ball,  October  1966.  ~ 
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and  night,  then 
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^mb^  _ 


The  last  term  to  be  measured  for  the  payload  formula  is  air  density 
(pa),  which  can  be  determined  from  the  perfect  gas  law  once  ambient  air 
pressure  and  temperature  are  found.  Therefore,  a  pressure  transducer  must 
be  carried  that  not  only  prorides  altitude  information,  but  also  the  dif¬ 
ferencial  air  pressure  experienced  on  the  ballast  bag.  Accordingly,  the 
pressure  transducer  should  be  located  as  near  to  the  ballast  bag  as  possible 
in  order  to  obtain  local  air  conditions  around  the  ballast  system. 

As  a  general  check  on  the  payload  formula  and  the  values  of  the  data 
taken  from  the  measurements,  it  is  necessary  to  dete.rmine  the  weight  of  air 
ballast  taken  on  or  released  by  the  ballast  system.  For  air  filled  systems 
this  can  best  be  accomplished  by  use  of  a  strain  gage  or  load  cell  which 
continuously  monitors  the  displacement  weight  of  the  ballast  bag.  The  dif¬ 
ference  between  the  measured  displacement  weight  and  the  uninflated  weight 
of  the  ballast  bag  provides  the  weight  (A)  of  the  air  ballast  in  the  bag. 
This  value  for  A  can  then  be  compared  with  the  other  measured  values  through! 
the  following  formula  derived  for  air  ballast  weight  in  Scientific  Report 
No.  1: 


■3 

a  _  4  *r 

Al-  3 


(H-3Si/E)i 
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+  A 
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where 


A  =  Air  ballast  weight  (lb.) 


=  Ambient  air  pressure 


A  Pi  ss  Differential  pressure  in  ballast  bag 


For  helium-filled  sealed  cell  systems,  the  effective  air  ballast  weight 
(Aeff)  can  be  measured  by  determining  the  difference  between  the  day  and 
night  lifts  of  the  ballast  bag.  In  this  case,  the  load  cell  or  strain  gage 
measures  the  lift  exerted  by  the  ballast  bag.  The  difference  between  the 
day  and  night  lift  is  related  to  the  other  measured  values  by  the  following 
formula,  also  derived  in  Scientific  Report  No.  1: 
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The  gross  lift  of  the  ballast  bag  can  be  determined  by  adding  the  net 
lift  exerted  on  the  load  cell  to  the  weight  of  the  ballast  bag.  The  gross 
lift  is  determined  oy  the  following  formula: 


ra]_  +  A 

%.  Tai  o^T 


for  helium. 


In  this  manner,  it  is  possible  to  determine  which  measurements  are 
absolutely  necessary  for  future  flights  in  monitoring  and  controlling  the 
balloon  systems  dependent  solely  on  the  air  ballast  system.  Since  it  has 
been  established  from  Report  No.  1  that  air  ballast  flight  systems  have 
limited  payload  capabilities,  it  is  imperative  that  the  ballast  system  use 
the  lightest  weight  instrumentation  possible  for  monitoring  and  controlling 
the  flight.  As  a  result  of  early  flights,  it  appears  that  it  will  be  pos¬ 
sible  to  properly  design  an  air  ballast  system  which  can  completely  com¬ 
pensate  the  sunset  effect  or.  the  main  vehicle  balloon  with  enougn  reserve 
air  ballast  to  cover  the  entire  range  of  possible  ballasting  requirements 
encountered. 


Go.  = 


WJ  (l+3Sj/E) 


where 


R  =  Universal  gas  content 


E.  MONITORING  AND  CONTROL  INSTRUMENTATION  REQUIREMENTS 

Each  of  the  three  air  ballast  systems  requires  its  own  control  and 
monitoring  instrumentation.  A  common  requirement  for  all  three  systems  is 
the  monitoring  of  altitude  through  the  use  of  an  ambient  air  pressure  trans¬ 
ducer  in  order  to  ensure  the  ballast  systems  are  working  properly  and  holding 
the  flight  system  within  the  design  range  of  the  system.  Additionally,  dif¬ 
ferential  pressure  on  the  ballast  bag  should  a) so  be  monitored  to  ensure  the 
burst  limits  of  the  bag  are  not  reached  and  that  the  proper  amount  of  air 
pressure  is  present  at  all  times  for  the  ballasting  requirements.  Finally, 
determining  the  displacement  weight  or  lift  of  the  ballast  bag  will  properly 
monitor  the  behavior  of  the  ballast  system  and  will  alleviate  the  requirement 
to  measure  internal  gas  temperatures  and  ambient  air  temperatures  once  it  is 
found  that  the  air  ballast  system  is  properly  designed  for  all  expected 
conditions. 

During  the  test  and  evaluation  flights  on  any  ballast  system,  it  is 
necessary  to  provide  a  command  function  to  turn  on  and  off  magnetic  valves 
for  controlling  the  drop  of  conventional  ballast.  It  is  necessary  to  determine 
from  the  instrumentation  what  amount  of  ballast  is  required  for  compensating 
sunset  effect  and  what  amount  of  air  ballast  is  obtainable  fra::  the  system. 


The  mace  expulsion  air  ballast  system  requires  a  valve  to  allow  the 
pressurised  air  in  the  ballast  bag  to  escape  in  order  to  compensate  the 
sunset  effect  on  the  main  balloon.  Therefore,  a  control  function  will  be 
required  in  the  instrument  package  to  command  the  valve  to  open  and  close 
vo  allow  proper  discrete  amounts  of  air  to  be  released  from  the  ballast 
bag.  Since  large  quantities  of  air  need  to  be  released,  and  in  the  interest 
of  keeping  the  ballast  valve  as  light  as  possible,  it  may  be  necessary  to 
have  a  time  lag  between  the  tine  of  the  command  to  cpen  or  close  the  valve 
and  the  time  when  the  valve  responds.  Therefore,  in  the  test  and  evaluation 
flights,  it  may  be  necessary  to  monitor  the  position  of  the  air  valve  so 
that  the  time  lag  for  various  altitudes  and  pressures  are  known  in  advance. 

In  this  manner  it  is  possible  to  eliminate  instrumentation  and  associated 
hardware  for  monitoring  the  position  of  the  valve  during  solo  flights. 

"Solo"  flights  are  defined  as  flights  that  depend  solely  on  the  ballast 
available  from  the  air  ballast  system. 

The  sealed  cell  ballast  system  ideally  needs  no  control  instrumentation 
since  the  ballasting  obtained  from  the  system  is  determined  by  design  and 
flight  conditions.  However,  since  it  is  difficult  to  insert  the  exact 
amount  of  air  or  helium  into  the  ballast  bag  while  on  the  ground,  it  is  ex¬ 
pected  that  normal  operational  procedures  will  require  that  an  excess  amount 
of  air  or  helium  be  inserted  into  the  ballast  bag  at  launch  and  then  be  re¬ 
leased  by  a  relief  valve  while  the  flight  system  ascends  to  design  altitude. 
This  relief  valve  may  be  either  eiec+rieal  cr  mechanical,  but  must  be  able 
to  keep  the  pressure  in  the  ballast  bag  within  a  fairly  close  tolerance. 

For  the  test  and  evaluation  flights,  it  may  be  desirable  to  have  a  combi¬ 
nation  of  a  relief  valve  and  a  ballast  valve,  such  as  one  which  might  be 
used  for  the  mass  emulsion  system.  The  relief  valve  can  then  be  evaluated 
for  accuracy  control,  and  at  the  same  time  allow  for  positive  control  of 
the  pressure  in  the  ballast  bag  in  the  event  the  relief  valve  malfunctions. 

The  powered  air  ballast  systems  require  the  same  instrumentation  as  the 
sealed  cell  and  mass  expulsion  systems  and  additionally  require  control  in¬ 
strumentation  for  the  power  units  themselves.  A  means  for  orientating  the 
solar  cells  to  the  sun  during  the  day  and  regulating  the  charging  voltage 
to  the  batteries  must  be  provided  to  ensure  the  proper  amount  of  power  is 
available  to  compress  air  ballast  or  haul  up  the  ballast  bag  during  the  sun¬ 
rise  effect  period.  For  the  2-c.ycle  mass  expulsion  system,  a  command 
function  must  be  provided  to  turn  on  and  off  the  air  compressor.  Built  into 
the  compressor  unit  should  be  a  back-pressure  valve  so  that  pressure  built 
up  m  the  ballast  bag  is  retained  when  tne  compressor  is  shut  off.  For  the 
winch  controlled  sealed  cell  ballast  system,  we  need  two  command  functions, 
one  to  turn  on  the  electric  motor  and  the  second  to  engage  or  disengage  the 
clutch  on  the  winch  to  allow  the  ballast  bag  to  be  hauled  up  and  lowered. 


C.  REQUIREMENTS  SUMMARY 

The  specific  requirements  necessary  for  each  type  of  ballast  system  sire 
listed  below.  The  requirements  are  in  two  groups:  measuring  instrumenta¬ 
tion  requirements  that  are  necessary  for  all  ballast  systems,  and  control 
function  and  instrumentation  requirements  that  pertain  to  specific  air 
ballast  systems. 
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below.  Table  2-1  Hots  specific  requirements. 


L.  Instrument  s  ..hail  i  xhil  it  no  drift  or  loss  of  accuracy  o.fter 
repeated  temperature  and  pressure  cycling,  ana  after  exposure  to  solar 
radiation. 


2.  Instruments  Hall  be  unaffected  by  sciar  radiation,  and  when 
connected  to  instrument  leads,  shall  be  insensitive  to  el  ectrorr  a  .netic  ra¬ 
diation,  local  turbulence..,  and  other  interference  factors  associated  with 
the  balloon  system. 

5.  Instruments  shall  be  small,  lightweight,  and  capable  of  being 
physically  protected  during  flight.  This  is  particularly  important  for 
temperature  measurements  with  thermistor  beads. 

TABLE  2-1.  MEABURIN3  niSTKUMENTATION  REQUIREMENTS 


Function 

Range 

Accuracy 

Response 
Time(  sec. ) 

Resolution 

Main  balloon  gas 
temperature 

370°R  to  EoO°R 

ll/2°F 

1  to  5 

sl/4°F 

Ballast  bag 
temperature 

370°R  tc  E60°R 

=l/2°F 

1  to  5 

±l/4°F 

Ambient  air 
temperature 

370°R  to  420°R 

±1/2°F 

10  to  20 

±l/L°F 

Ambient  air 
pressure 

1013  tc  --  — 

( entire  flight) 

70  to  10  mb 
(oper.  altitude) 

si  mb 

l  to  3 

sl/2  mb 

Differential 
pressure  on  ballast 
bag  (S'  radius) 

0  to  5U  mb 

si  mb 

1  to  3 

tl/2  mb 

Differential 
pressure  on  ballast 
bag  (50'  radius) 

0  to  9  nib 

±0.2  mb 

15  to  20 

±0.1  mb 

Ballast  bag  weight* 

(Wfa-10^-  A,3ff )  to 

(Wb+110^  Aeff): 
air  filled 
( Gb^-Wb-iO£  Aeff) 

to  fo^-v-no* 

Aegf):  lelium 
filled 

si  $  of 
range 

1  to  20 
(depends 
on  bag 
size) 

±50£  of 

accuracy 

rqts. 

*Examples  of  ballast  bag  weight  using  the  indicated  requirements  are  given 
on  the  following  page. 


Example  1  —  8-foot  radius,  2-mil  Mylar,  air-filled  bag  at  70,000  feet 

A cff  =  b.yj  lb. 

Bag  weight  (Wb)  =  l8.0  lb. 

Range  =  17.5  to  2j.>  lb. 

Accuracy  =  10. 06  lb.  (1  1  oz.) 

Response  time  =  1  to  3  sec. 

Resolution  =  ±0.03  lb.  (i  l/2  oz.) 

Example  2  -  25-foot  radius,  2-mil  Mylar,  air -filled  bag  at  80,000  feet 

Aeff  =  36.6  lb. 

Bag  weight  =  115  lb. 

Range  =  111  to  175.5  lb. 

Accuracy  =  2O.A5  lb.  (l  7  oz.) 

Response  time  =  10  to  12  sec. 

Resolution  =  ±0.23  lb.  (±  3.5  oz.) 

All  the  requirements  in  Table  2-1  are  necessary  for  "piggy -back"  flights. 
The  ambient  air  pressure  and  differential  pressure  on  ballast  bag  are  the  min¬ 
imum  necessary  for  solo  flights. 


Control  Function  and  Instrumentation  Requirements 
ment s  for  control  functions  ana  instruments  are: 


The  general  require - 


1.  All  control  and  power  units  must  survive  30  days  flight  opera¬ 
tions  at  operating  altitude  and  within  the  following  ranges; 

Temperature  -  360°R  to  i20°R 

Pressure  -  120  to  10  mb 

Relative  humidity  -  0  to  100$ 

Solar  radiation  -  Intensity  expected  at  50,000  to  100,000 
feet  altitude 

2.  Instruments  shall  be  small,  lightweight,  and  eatable  of  surviving 
shocks  associated  with  launching  and  ascent. 

3.  Instruments  shall  be  properly  shielded  from  flight-train  instru¬ 
mentation  to  prevent  interference  to  monitoring  equipment. 
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•i.  Instruments  .'hall  require  minimum  power  to  operate  and  still 
meet  specifications  in  order  to  reduce  '-.eight  cl’  batteries  and  associated 
power  system* . 

During  test  and  evaluation  "piggy-back"  flights,  it  is  necessary  to 
have  a  control  function  to  operate  magnetic  ballast  valves  to  discharge  con¬ 
ventional  bailiot.  Ideally,  a  properly  designed  air  ballast  system  requires 
no  conventional  solid  ballast.  However  for  purposes  of  ascent  and  descent 
control,  as  well  as  compensation  for  gas  leaks,  it  probably  will  be  necessary 
to  carry  some  conventional  solid  ballast  during  dummy  solo  flights. 

Below  are  listed  the  control  and  instrumentation  requirements  necessary 
for  a  particular  type  air  ballast  system. 

1.  Mass  expulsion  ballast  system 

(a)  Air  ballast  valve  (varies  with  bag  size) 

Orifice  ;ise  -  must  allow  bag  to  go  from  full  superpressure 
to  zero  pressure  in  30  minutes. 

Maximum  pressure  -  p  to  CO  mb 

Leakage  -  0.1  cu.ft./'nr.  at  30  mb 

Operation  -  electrical  commanc,  full  open  to  full  close  in 
10  seconds,  full  close  to  full  open  less  than 
7  seconds. 

Power  -  DC,  36  watts  starting,  12  watts  running. 

2.  Sealed  cell  system 

(a)  Relief  valve  (varies  with  bag  size) 

Orifice  size  -  must  allow  air  to  escape  to  maintain  constant 
pressure  on  ballast  bag  while  ascending  1,000 
ft. /min.  between  20,000  and  90,000  f^et. 

Maximum  pressure  -  9  to  60  mb 

Leakage  -  0.1  eu.ft./hr.  at  30  mb 

Operation  -  electrical  command,  remote  (optional),  seif  regu¬ 
lating  (mechanical  desirable),  full  open  to  close 
less  than  2  seconds,  full  close  to  open  less  than 
i  second. 

Regulation  -  setting  range  -  6  to  oO  mb 

opening  tolerance  -  r  ?  mb  from  setting 

closing  tolerance  -  t  q  mb  from  setting 

response  time  -  2  sec.  open  to  close 
3  sec.  close  to  op-'-n 


repeatability  -  ±0.3  mb 


power  requirements  -  DC,  36  watts  for  electrical  control  valves; 

spring,  hydraulic  for  mechanical. 

3-  Powered  2-cycle  mass  expulsion  system  ( compressor) 

(a)  Air  ballast  valve  -  same  as  l(a.) 

(b)  Power  system 

Solar  cell  orientation  -  cells  should  receive  90  percent  of 
sunlight  energy  for  10  hr. /day. 

Power  regulation  -  ±2  volts  of  battery  charging  voltage. 

Must  detect  and  stop  charging  when  batteries  are  fully 
charged . 

Power  output  -  operate  all  instruments  continuously.  Must 
be  able  to  compress  ballast  bag  at  least  once  every 
2k  hours. 

Duration  of  operation  -  30  days. 

(c)  Compressor 

Control  -  turn  compressois  on  and  off  by  remote  command  at 
least  five  times  during  compression  cycle  of  1  hour. 

Operation  -  must  be  able  to  fill  bag  within  1  hour  at 
operational  altitude,  and  start  and  step  at  least  five 
times  during  1  hour  compression  cycle. 

Back  pressure  -  range:  9  to  60  mb,  leakage  less  than 
0.1  cu.ft./'hr.  at  30  mb. 

Efficiency  (motor  and  compressor)  -  at  least  4C$  total  ef¬ 
ficiency;  electrical  efficiency  50$,  adiabatic  compressor 
efficiency  8C$. 

Volumetr'-’  compression  -  capacity-to-weight  ratio  -  20  cu.fi./ 
min. /lb.  ''compressor  and  motor  total  weight)  at  operational 
altitude. 

4.  Powered  sealed  cell  system  (winch). 

(a)  Relief  valve  -  same  as  2(a). 

(b)  Power  system  -  same  as  3(b),  except  main  power  switch  is  tc 

winch  controls. 

( c )  Winch  - 

Control  functions  -  turn  winch  on  and  off  remotely  at  least 
five  times  while  ballast  bag  is  rising  during  sunrise 
effect  (1  hour).  Engage  and  disengage  clutch  to  winch  at 
least  20  times  while  ballast  bag  is  raised  or  lowered. 
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feet 


Operation  -  :,aul  bar  from  lowest  level  to  highest  vithin 
1/2  hour  at  otjerationai  altitude.  Be  able  tc  dart  and 
stop  at  leant  five  tl.-r.ee  during  1  hour  sunrise  effect. 

Be  able  to  haul  ir.  or  pay  out  line  and  not  consume  ap¬ 
preciable  power  when  paying  out  cade. 

Efficiency  (motor  and  winch)  -  electrical  greater  than  >0$; 
mechanical  great  .r  than  ,  total  greater  than  b^. 

Haul-in  strength  -  kQ  to  300  pounds  depending  on  bag  size 
(the  greater  the  haul-in  strength  required,  the  less 
haul-in  speed  and  distance  required). 

Drum  capacity  -  depends  on  bag  size  (for  example,  a  25-foot 
radius,  2-mil  Mylar,  air  ballast  bag  at  80,000  feet  re¬ 
quires  f.,000  feet  of  1/ ll  "  diameter,  1x7  steel  cable). 

Weight  -  motor  and  winch  25  to  pounds. 


D.  INSTHUI'ENTATIOK 

During  balloon  ascent  tc  operating  altitude,  the  ballast  system  instru¬ 
mentation  must  withstand  the  environmental  extremes  of  tn«_  atmosphere  and 
perform  acctirately  for  extended  periods  at  operating  altitudes.  These  ex¬ 
tremes  range  in  temperatures  of  +I10°F  tc  -90°F,  pressures  from  o  to  15  psia, 
and  humidity  from  10  to  100  percent  RH.  Therefore,  it  is  necessary  to  ensure 
that  the  measuring  transducers  are  designed  with  compensating  networks  in  the 
instrument  package  so  shat  they  can  accurately  measure  parameters  under  all 
expected  conditions.  For  example,  resistance  strain  gage  circuits  can  be  de¬ 
signed  to  measure  absolute  pressures  with  extreme  accuracies  but  if  the  effect 
of  temperature  changes  arc-  not  considered,  errors  as  high  as  15  to  20  percent 
car.  result.  Sensors  are  often  designed  to  operate  with,  relatively  low  exci¬ 
tation  power  and  with  operational  amplifier  netw-orks  which  compensate  for  the 
various  atmospheric  extremes. 


The  following  list 


result  of  a  survey  of  available  transducers 


which  can  meet  tne  measurement  requirements  for  most  air  ballast  systems,  as 
outlined  in  Section  IIC.  While  not  practical  to  recommend  specific  instru¬ 
mentation  models  since  selection  is  dependent  on  the  mission  and  size  of  the 
ballast  system,  specific  transducers,  and  associate;  opera. ional  amplifiers 
are  presented  to  indicate  typical  advertised  sizes,  weights,  accuracies, 
and  costs. 

1.  Temperature  (Ambient  and  Internal).  A  5 -mil  thermistor  bead  is 
considered  the  best  means  for  accurately  measuring  air  temperature.  Due  to 
its  small  size,  a  temperature  response  time  of  less  than  C.S  second  can  be 
expected.  In  addition,  it  car.  accurately  measure  air  temperature  by  con¬ 
duction  with  little  or  no  effect  fro  heat  less  or  absorption  by  radiation. 
Accuracies  to  z0.5 °F  oar.  be  obtained  through  proper  compensated  bridge  net¬ 
works  and  operational  amplifiers. 


Care  should  be  taken  wncn  designing  tne  thermistor  bridge  circuit  to 
ensure  that  the  heat  dissipation  constant  is  not  exceeded  over  the  entire 
temperature  range  to  be  measured.  Exceeding  this  limit  causes  internal 
heating  of  the  thermistor  thereby  inducing  errors  in  the  output  reading. 

Since  thermistor  beads  are  small  and  fragile,  they  must  be  housed  in 
protective  cages  that  prevent  breakage  from  buffeting  against  the  side  of 
the  bag  or  balloon  during  inflation,  handling,  or  launching.  The  protec¬ 
tive  cage  should  be  designed  to  allow  the  maximum  exposure  of  the  bead  to 
the  free  air  or  gas,  but  not  cause  the  bead  temperature  reading  to  be  af¬ 
fected  by  the  radiation  or  conduction  heating  from  the  cage  itself.  A 
report  by  Lucas  and  Hall t  on  techniques  for  measuring  balloon  gas  tempera¬ 
tures  with  thermistor  beads  describes  in  detail  design  and  fabrication 
techniques  for  mounting  thermistor  beads  and  associated  circuitry. 

Tnennistor  beads  range  in  price  from  $30.00  to  $60.00,  depending  on 
mounting  options,  and  are  negligible  in  weight.  Bridge  circuits  and  as¬ 
sociated  operational  amplifiers  for  thermistor  beads  are  obtainable  from 
some  bead  manufacturer  or  may  be  designed  from  off-the-shelf  components. 
Estimated  costs  for  bridge  networks  and  operational  amplifiers  range 
between  $200.00  to  $300.00.  Since  a  thermistor  bead  is  a  sensitive  element 
which  changes  with  temperas ore,  continuous  resolution  is  obtainable  within 
the  temperature  range  of  interest. 

2.  Ambient  Air  Pressure.  Ambient  air  pressure  can  be  measured  by 
several  means  such  as  a  bellows  or  a  s',  cessed  diaphragm  coupled  to  a  trans¬ 
ducing  element.  Techniques  for  this  type  of  sensor  include  the  use  of  a 
strain  gage,  a  mechanical  linkage  to  a  linear  potentiometer,  a  coil  to 
produce  a  variable  reluctance,  a  bridge  to  produce  a  variable  inductance, 
and  detection  of  capacitance  between  the  diaphragm  to  an  adjacent  electrode. 
Another  basic  sensor  scheme  employed  in  a  hypsometer  involves  the  boiling  of 
a  liquid  and  detection  of  the  temperature  of  the  resultant  vapor. 

Among  these  transducers  available  off-the-shelf,  the  one  which  seems 
best  suited  for  meeting  the  requirements  of  an  air  ballast  system  is  a  '•olid 
state  piezoresistive  piessure  transducer  which  utilizes  the  strain  gage 
principle.  The  model  4715  pressure  transducer  by  Conrac  Corporation  is  able 
to  obtain  an  accuracy  of  tl  mb  over  a  possible  range  of  10  to  1013  mb. 

The  unit  consists  of  a  silicon  pellet  which  is  evacuated  in  the  center 
to  a  near  vacuum.  An  array  of  resistor  strain  gages  are  mounted  on  one  of 
the  outside  surfaces  of  the  transducer.  From  the  array,  four  resistors  are 
selected  for  a  bridge  circuit.  The  selected  resistors  are  in  a  row  across 
the  surface,  two  of  which  are  in  tension  while  the  other  two  are  in  compres¬ 
sion.  As  the  atmospheric  pressure  changes,  a  corresponding  change  in 
resistance  occurs  across  the  bridge  circuit.  The  remaining  resistors  of  the 
array  not  used  in  the  bridge  circuit  are  neglected. 


*  Lucas,  R.  M.  and  Hall,  G.  H.,  The  Measurement  of  High  Altitude  Balloon  Gas 
Temperatures,  A.  D.  Little  Report  No.  V,  October  1966,  pp  5-14 


2-12 


Li  .'tod  ar>‘  .urn.-  oi'  tin  p- rtinent  characteristics  of  Mcxlel  k(  15: 

Range  -  o  to  Ly  psia 
Accuracy  -  ±0.2$  full  scale 
Resolution  -  continuous 

Temperature  range,  compensated  -65°  to  i-250°F 
Size  -  1-1/8"  diameter:  1"  long 
Weight  -  3  ounces 
Cost  -  $<.,50.00 

Available  with  the  pressure  transducer  is  a  4715H  High  Level  Operational 
Amplifier  which  is  matched  to  the  4715  pressure  transducer.  The  amplifier 
costs  approximately  $t00.00  and  has  an  output  of  0  to  5  vdc  over  the  full 
scale  of  the  transducer. 

3.  Differential  Pressure.  The  selection  of  the  differential  pressure 
transducer  depends  on  the"  range  of  differential  pressures  expected  on  the 
ballast  bag.  One  type  of  differential  pressure  transducer  which  appears 
suitable  for  most  air  ballast  applications  and  is  available  over  most  ranges 
of  interest  is  the  Model  PL283TC  by  Statham  Instruments,  Inc.  This  trans¬ 
ducer  utilizes  a  strain  gage  coupled  to  a  flexible  sensing  diaphragm  which 
measures  the  pressure  deflecting  it. 

The  following  performance  data  is  advertised  for  this  model  transducer: 

Range  -  0  to  1  psid  (0  to  69  mb)  Model  PL283TC-1-350 

0  to  0.15  psid  (0  to  10  mb)  Model  PL283TC-0. 13-350 

Accuracy  -  ±0.75 $  of  full  scale 

Size  -  1.75"  x  1.25”  x  1.44" 

Resolution  -  continuous 

Fesponse  -  less  than  1  ms 

Temperature  range  -  -c5°  tc  +250°F 

Weight  -  7  ounces 

Cost  -  $450.00 

A  Model  SA23-5  amplifier  matched  to  the  Model  PL283TC  transducer  with 
an  output  range  of  0  to  5  vdc  is  available  for  $950.00. 

4.  Load  Cell.  Tne  selection  of  load  ceils  to  measure  weight  or  lift 
of  the  ballast  bag  depends  on  the  size  and  mission  of  the  ballast  system. 


There  are  many  types  of  loau  cells,  many  of  which  use  strain  gages  or 
variable  inductance  circuit-  for  transducing  exerted  loads  on  the  cells. 
While  load  cells  can  be  found  which  meet  the  requirements  of  most  ballast 
systems,  of  primary  interest  are  those  models  which  are  relatively  small 
and  lightweight. 

For  example,  West  Coast  Research  Corporation  produces  strain  gage 
load  cells,  models  53?  3^?  37  and  39?  which  can  cover  a  number  of  load 
ranges  with  accuracies  better  than  ±0.5$,  of  full  scale  with  continuous 
resolution.  The  following  general  characteristics  are  advertised  for 
these  models: 

Weight  -  3  to  6  ounces 

Size  -  1.5"  diameter,  2.5  -  3*3"  long 

Temperature  range  -  -100  to  +450°F 

Price  -  $360.00  to  $475. 00 

The  vendor  also  has  available  Ampleducer  models  matched  to  these  load  cells 
which  can  provide  a  0  to  5  vdc  signal  for  approximately  $200.00 

5.  Instrument  Package.  One  factor  which  became  apparent  during  the 
sensor  survey  was  the  generally  small  outputs  from  most  strain  gage  trans¬ 
ducers.  Normally,  with  an  excitation  of  10  vdc  an  output  of  20  milli¬ 
volts  over  full  scale  can  be  expected,  or  for  every  volt  of  allowable 
excitation  on  the  bridge  circuit,  an  output  of  2  millivolts  full  scale  can 
be  expected.  Since  in  some  cases  resolutions  on  the  order  of  one  part  per 
thousand  are  required,  the  circuits  external  to  the  sensor  must  be  capable 
of  resolving  20  microvolt  steps  for  transducers  with  20  millivolt  full 
scale  outputs.  Under  ideal  conditions  this  is  difficult  but  when  the 
factors  of  temperature,  pressure,  and  humidity  are  considered,  the  resolu¬ 
tion  problem  is  compounded.  For  this  reason,  it  was  decided  that  the  output 
voltage  of  each  sensor  should  be  amplified,  and  that  the  simplest  approach 
would  be  to  purchase  a  corresponding  amplifier  with  each  transducer.  This 
would  provide  a  0  to  5  vdc  output  compatible  with  the  input  requirements 
for  standard  telemetry  equipment.  The  amplifier,  therefore,  should  be 
matched  to  the  transducers ,  For  example,  if  the  transducer  output  is  linear 
ever  full  scale,  so  should  the  amplifier  output. 

Figure  2-1  shows  a  proposed  block  diagram  of  the  data  gathering  system. 
Each  sensor  has  its  own  corresponding  amplifier  which  provides  a  0  to  5  vdc 
output.  The  output  fran  the  amplifier  is  fed  to  an  accurately  calibrated 
VC0  which  has  a  standard  IRIG  center  frequency  and  deviation.  VCO's  which 
can  resolve  one  part  per  thousand  or  5  millivolts  in  5  vdc  are  not  un¬ 
common.  Selection  of  a  standard  IRIG  channel  permits  operations  at  any  of 
the  many  government  test  ranges.  These  sites  normally  contain  the  necessary 
GST  equipment  required  to  extract  the  data. 
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readings  in  the  order  programmed  by  the  commutator.  The  commutator  may 
be  a  stepping  sv>tcn  or  a  revolving  drum  which  is  divided  into  the  re¬ 
quired  number  of  sectors  and  the  signal  picked  off  from  a  wiper.  Since 
a  relatively  small  amount  of  data  is  required,  a  low  data  transmission 
rate  on  the  order  of  10  to  20  bits  per  minute  is  permissible.  It  may 
be  desirable  to  read  ballast  bag  differential  pressure  on  every  other 
reading  since  this  measurement  changes  rapidly  when  the  ballast  system 
changes  altitude  or  when  the  ballast  valve  is  opened. 

A  1680  megahertz  FM  transmitter  is  recommended  to  be  used  for  this 
system.  If  the  balloon  system  can  carry  a  transmitter  which  can  handle 
more  than  one  IRIG  channel  for  the  ballast  system  data,  it  may  be  desir¬ 
able  to  use  a  separate  channel  for  differential  pressure,  as  indicated 
in  Figure  2-1,  Other  data,  such  as  temperature  and  ambient  air  pressure, 
does  not  change  as  rapidly,  thus  they  may  be  commutated  on  the  other 
channel. 


E.  BALLAST  BAG  VALVES 

A  ballast  bag  valve  can  serve  two  basic  purposes.  The  first  is  to 
exhaust  all  pressure  fran  the  bag,  such  as  for  the  mass  expulsion  ballast 
system.  The  second  is  to  regulate  the  pressure  within  the  bag  to  prevent 
pressure  buildup  from  exceeding  specified  limits,  such  as  in  an  ascending 
sealed  cell  ballast  system.  In  either  case,  it  is  desirable  to  design  a 
valve  that  is  lightweight  and  reasonably  uncomplicated  for  high  operational 
reliability.  Therefore,  if  a  ballast  system  requires  both  functions,  such 
as  a  mass  expulsion  system,  a  single  valve  designed  to  serve  both  functions 
is  desirable. 

The  size  of  a  ballast  bag  valve  depends  first  on  the  mission  and 
secondly  on  the  size  of  the  ballast  bag.  The  requirements  of  a  ballast  bag 
valve  for  a  mass  expulsion  system  will  be  examined  first.  Its  prime 
mission  is  to  valve  out  air  inside  the  bag  so  that  the  differential  pressure 
on  the  bag  is  reduced  to  zero  at  the  time  the  sunset  effect  takes  place  on 
the  main  balloon.  The  secondary  mission  is  to  bleed  off  air  while  the  bag 
is  ascending  to  operational  altitude  if  the  bag  becomes  overpressured  due 
to  being  filled  with  too  much  air  at  launch.  Assiime  for  now  that  the  excess 
amount  of  air  inserted  into  the  bag  is  small  and  that  the  flow  rate  of  air 
required  from  the  bag  while  ascending  is  equal  or  less  than  the  flow  rate 
required  for  ballasting  within  the  time  interval  for  sunset  effect.  The 
flow  rates  required  for  ascending  ballast  bags  with  excess  gas  will  be  dis¬ 
cussed  later. 

From  past  experience  it  was  noted  that  sunset  effect  takes  place  within 
1  hour  but  that  the  majority  of  the  lift  loss  of  the  balloon  takes  place 
within  i/2-hour  after  the  sun  sets.  Therefore,  the  valve  should  be  large 
enough  to  allow  the  bag  to  lose  most  of  its  pressure  within  l/2-hour.  At 
the  same  time  however,  the  valve  should  not  be  too  large  as  it  requires  more 
power  to  operate  a  larger  valve.  Also,  a  large  valve  is  more  difficult  to 
fabricate  and  seal  tightly  than  a  small  valve  with  the  same  back  pressure. 

It  is  therefore  desirable  to  determine  the  minimum  orifice  diameter  that  can 
exhaust  the  ballast  bag  to  a  sufficiently  low  pressure  in  less  than  30  minutes. 
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A.  a  conservative  approach  assume-  the  gas  in  the  bag  expands  adia- 
baticaily,  as  this  type  of  expansion  yields  the  lowest  flow  rate.  Actu¬ 
ally  the  expander  is  polytropic  since  a  continual  heat  exchange  is 
occuring  within  the  bag  from  the  convective  heat  transfer  with  ambient 
air  and  radiation  heat  transfer  to  and  from  the  earth’s  surface.  Appendix 
A  outlines  the  theory  for  exhausting  pressure  in  vessels  through  circular 
orifices.  Table  2-2  was  determined  assuming  that  the  bag  is  sufficiently- 
exhausted  if  its  pressure  after  30  minutes  is  between  0  to  1.0  percent  of 
the  pressure  before  the  ballast  valve  was  opened. 


TABLE  2-2  BALLACT  BAG  VALVE  ORIFICE  SIZES  FOR  MALI 
EXPULSION  AIR  BALLAST  SYSTEMS 


Valve  Orifice 
Diameter  (in.) 


100 

6.5 

80 

4.6 

6o 

3.0 

40 

1.6 

3C 

1.0 

20 

0.6 

10 

0.2 

Using  this  same  technique  let  us  now  look  at  the  ballast  valve  re¬ 
quirements  for  an  ascending  system  with  an  excess  amount  of  gas  in  the 
bag.  For  most  balloon  systems,  no  matter  how  much  free  lift  is  in  the 
system,  the  maximum  ascent  velocity  is  on  the  order  of  1,000  to  1,200 
feet  per  minute.  In  addition,  as  is  discussed  in  Section  IIIB  concerning 
the  launching  and  handling  of  various  ballast  systems,  the  smaller  the 
ballast  bag  the  more  excess  gas  in  the  bag,  especially  for  helium-filled 
sealed  cell  systems. 

Appendix  B  discusses  briefly  a  method  for  determining  the  required 
orifice  size  of  a  relief  valve  for  an  ascending  ballast  bag.  Table  2-3 
was  formulated  to  give  a  general  range  of  valve  sizes  required  for  various 
size  bags.  Note  the  wider  range  of  valve  size  requirements.  This  range 
is  attributed  primarily  to  the  assumption  that  the  percentage  of  excess 
gas  is  the  same  for  all  sizes  of  bags.  Actually,  for  the  largest  bags, 
the  percentage  of  excess  gas  would  be  much  smaller  and  correspondingly  so 
would  the  relief  valve  size. 


TABLE  2-3. 


RELIEF  VALVE  ORIFICE  SIZES  FOR 
ASCENDING  BALLAST  BAGS 


Ballast  Bag 

Valve  Orifice 

Diameter  (in.) 

100 

13.3 

50 

3.84 

16 

.596 

Since  the  pressure  inside  the  bag  is  nearly  the  same  everywhere  on  the 
surface,  the  valve  can  be  mounted  wherever  convenient.  Since  power  may  be 
required  for  the  valve,  it  may  be  preferable  to  locate  it  as  near  as  possible 
to  the  power  supply  in  the  payload  of  the  balloon  system  so  as  to  minimize 
line  voltage  drop.  Depending  on  the  weight  penalties  and  size  of  the  bag, 
it  may  be  desirable  to  mount  the  valve  directly  on  a  reinforced  patch  to  the 
skin  of  the  bag.  If  the  bag  has  a  metal  fitting  with  a  removable  plate  on 
one  end,  it  would  be  best  to  mount  the  valve  to  the  metal  plate. 

The  valve  must  have  a  positive  seal  to  prevent  leakage  from  the  super- 
pressured  ballast  bag  and  a  consequent  loss  of  ballast.  A  rigid  dome  pressed 
against  a  resilient  gasket  on  a  rigid  flat  ring  is  a  successful  sealing 
technique  for  balloon  valves.  This  technique  is  employed  in  the  design  of 
the  EV-13  helium  valve  which  is  ccmmercially  available  with  a  13  inch  diameter 
orifice.  The  design  can  be  modified  to  provide  this  type  valve  with  the  6- 
inch,  4-inch  and  2-inch  diameter  orifices. 

To  date,  there  are  relatively  few  commercially  available  balloon  valves, 
and  it  is  felt  those  that  are  available  require  some  modification  to  meet  the 
requirements  for  a  particular  air  ballast  system.  For  example,  Stratotech 
Company  of  California  produces  relief  valves  for  superpressure  balloons. 

These  valves  range  in  orifice  size  from  15/16  inches  to  2  inches  in  diameter 
and  work  mechanically  with  preset  springs.  They  can  be  set  for  operating 
pressures  from  10  to  60  mb  with  accuracies  of  ±10  percent.  For  small  bags 
of  25  feet  or  less  in  diameter,  this  type  valve  is  suitable.  The  valve  has 
a  release  button  allowing  the  valve  to  be  opened  manually.  It  can  be  opened 
electrically  if  modified  by  a  solenoid  plunger  or  a  small  motor  driven 
linear  actuator.  A  relief  valve  of  this  type  weighs  a  few  ounces,  including 
the  mounting  and  hardware.  Excluding  the  cost  for  modifications,  prices  of 
these  valves  range  from  $2.00  to  $25.00,  depending  on  quality  and  accuracy. 

A  mechanically  operated  relief  valve  modified  to  be  electrically  actuated 
is  suitable  for  all  types  of  air  ballast  systems.  However,  due  to  the  in¬ 
herent  inability  to  operate  accurately  at  small  differential  pressures, 
mechanical  valves  do  not  at  this  time  appear  to  be  feasible  for  use  with  large 
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ballast  systems  which  operate  at  low  pressures  (10  mb  or  less).  There¬ 
fore,  it  is  necessary  to  design  an  electrically  driven  valve  which  can 
work  in  conjunction  with  a  low  differential  pressure  transducer.  The 
pressure  transducer  can  monitor  the  pressure  and  with  appropriate  cir¬ 
cuitry  automatically  command  the  valve  to  open  when  the  pressure  inside 
the  bag  exceeds  a  specified  value.  If  the  dome  is  mounted  toward  the 
interior  side  of  the  ballast  bag,  the  pressure  in  the  bag  exerts  a 
sealing  force  on  the  done.  In  this  position  the  valve  would  be  required 
to  open  against  the  ballast  bag  superpressure  to  exhaust  the  air  ballast. 
The  maximum  force  on  the  dome  (the  product  of  the  maximum  superpressure 
and  the  orifice  area)  is  less  than  4  pounds.  The  motor  actuator  of  the 
EV-13  type  valve  can  drive  the  dome  with  up  to  25  pounds  providing  an 
ample  safety  factor  to  guarantee  the  capability  of  opening  the  valve 
against  the  ballast  bag  pressure.  The  drive  motor  requires  a  12  vdc 
source  providing  3.0  amperes  starting  current  and  1.0  ampere  running 
current.  Balloon  manufacturing  techniques  are  available  for  mounting 
valves  of  this  size  and  weight  in  balloons  for  superpressure  use  without 
degradation  in  the  performance  of  the  ballast  bag. 

A  complete  6-inch  valve  could  weigh  around  4.0  pounds  with  the 
2-inch  valve  weighing  only  slightly  less.  In  units  of  one  or  two  each, 
the  cost  of  the  valves  would  be  approximately  $1,000  due  to  limited  pro¬ 
duction  and  precision  fabrication.  Cost  of  the  controlling  circuitry  and 
pressure  transducers  would  be  extra. 
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SECTION  III 


FLIGHT  SYSTEM  CONFIGURATIONS 


A.  GENERAL 

Two  major  problems  must  be  considered  in  the  configuration  design  of 
air  ballast  controlled  balloon  systems.  The  first  problem  is  to  minimize 
the  load  stresses  exerted  on  the  ballast  bag  during  Launch  and  flight  of 
the  balloon  system.  A  spherical  shaped,  superpressure  balloon  does  not 
lend  itself  to  directly  supporting  loads  either  due  tc  its  own  weight  or 
for  payloads  slung  underneath,  as  does  a  natural  shape  or  cylindrical 
balloon.  Load  stress  on  a  balloon  fabric  is  a  i  motion  of  the  balloon 
cone  angle,  6  .  Tne  smaller  the  cone  angle,  the  smaller  the  load  stresses 
on  the  balloon  fabric.  Lines  the  bottom  cone  angle  of  a  spherical  balloon 
is  nearly  l80°,  if  a  load  were  ‘.usper.ded  there,  the  load  stresses  exerted 
cn  the  fabric  near  the  bottom  would  become  very  large  or  else  the  bag 
would  be  distorted,  thus  reducing  the  volume  of  the  bag.  It  may  be  de¬ 
sirable  to  use  load  tapes  attached  slightly  below  the  mid  point  of  each 
gore  of  the  ballast  bag  as  shown  in  Figure  3-1*  In  this  manner,  the  cone 


Load  Tapes 


Spherical  Superpressure 


Typical  Loan  Configuration  on 
Superpressure  Balloons 


Spherical 


Fig-re  3-1. 


angle,  or  ir*  this  case  the  lead  angle,  8  ,  can  be  decreased,  thereby  al¬ 
lowing  the  faerie  load  stress  to  be  decreased.  The  total  linear  stress, 
stotal’  on  the  Walloon  fabric  is  equal  to  the  sum  of  the  load  stress, 
sload,  Pluo  the  overall  stress  on  the  bag  fabric,  s  ,  due  to  differential 
pressure,  that  is,  s^ota-^  =  s^oa(^  +  s  .  In  Report^le.  1,  it  was  shown 
that  the  payload  capability  and  flighIpcontrcl  of  a  balloon  flight  train 
with  an  air  ballast  system  is  greatly  affected  by  the  maximum  allowable 
differential  pressure  in  the  ballast  bag.  Therefore,  since  the  maximum 
allowable  differential  press’ire  is  proportional  to  the  maximum  allowable 
overall  stress,  s^  ,  on  the  balloon  due  to  differentail  pressure, 

should  be  minim:. z  a.  From  Figure  3-b>  we  see  that 


r  cos(0/2)sj 


oaa 


F/cos(0/2) 


or 


sload  = 


2 » r  cos2(s/2) 


where, 


sload  ~  l°ad  stress  on  bag  fabric  (lb. /ft.) 

F  =  load  force 

r  =  bag  radius 

0  =  load  or  cone  angle 


By  minimizing  load  force,  F,  and  by  decreasing  cone  angle  8 , 
can  be  minimized.  As  8  -*  0,  then  sload  -»  f/2  n  r.  But  to  decreasi#, 
we  need  to  lengthen  the  load  tapes."  There  is  a  point  of  diminishing 
return  using  this  approach  since  the  longer  the  load  tapes,  the  more 
dead  weight  we  place  on  the  ballast  system  for  suspending  the  ballast  bag. 
Also,  excessively  long  load  tapes  greatly  increase  the  length  of  the 
flight  train  and  correspondingly  the  launching  and  handling  problem  for 
the  entire  balloon  system.  Therefore,  concentration  should  be  placed  on 
decreasing  the  load  force,  F,  as  much  as  possible,  and  designing  the 
length  of  the  load  tapes  for  the  ballast  bag  suspension  system  so  that 
the  cone  angle  ic  decreased  to  where  the  deed  weight  of  the  suspension 
for  tns  ballast  bag  and  the  launching  ane  handling  proDiems  are  not 
appr e c iab iy  increa  s  ed . 

The  other  major  problem  to  be  considered  is  the  launching  and  hand¬ 
ling  techniques  that  are  required  for  a  particular  design  of  a  balloon 
system  flight  configuration.  For  example,  the  use  of  long  load  tapes 
helps  decrease  the  load  stresses  on  the  ballast  bag.  If  the  instrument 
payload  were  suspended  directly  beneath  the  main  balloon,  and  the  ballast 
bag  with  long  load  tapes  were  suspended  under  the  payload ,  there  could  be 
a  problem  in  erecting  such  a  system.  In  this  configuration,  the  heavy 
payload  would  be  suspended  high  off  the  ground  at  full  system  erection. 

Any  appreciable  winds  or  gusts  would  make  it  difficult  to  control  the 
flight  train  prior  to  launch. 
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The  following  paragraph.  Jl-cu.s  possible  flight  conf igurations , 
am’  possible  handling  and  launching  methods  for  c-ieh  group  of  ballast 
systems.  Within  each  rx oup  those  flight  configurations  whicn  lend  them- 
- elver  to  conventional  handling  and  launching  techniques  are  discussed 
first.  This  includes  the  use  of  launch  roller  arms  for  inflating  single 
ceil  poly  balloons,  payloads  suspended  on  boom  cranes,  and  the  conven¬ 
tional  launch  of  single  cell  balloons.  For  each  flight  configuration, 
inflation,  erection,  and  launch  techniques  which  appear  to  be  the  most 
practical  utilizing  existing  equipment  are  covered. 

For  large  ballast  systems  wnich  cannot  be  handled  and  launched  with 
regular  equipment,  possible  flight  configuration.-  and  handling  and 
Launching  techniques  which  may  be  used  are  discussed  briefly.  i hose- 

areas  which  require  development  in  fabrication,  additional  launching 
equipment,  and  area-  for  further  study  in  developing  handling  and 
launching  techniques  for  large  ballast  systems  are  indicated. 


£.  AIR -FILLED  MASS  EXPULSION  AND  SEALED  CELL  AIR  BALLAST  Sit  STEMS 

Ideal  Flight  Sonf iguration.  The  basic  difference  between  the  mass  ex¬ 
pulsion  and  air-filled  sealed  cell  ballast  system  is  method  of  operation 
however,  both  systems  can  be  accommodated  by  the  same  flight  configura¬ 
tion,  Since  a  ballast  bag  filled  with  air  has  a  positive  displacement 
weight,  it  appears  logical  that  the  ballast  bag  be  suspended  fran  the 
bottom  of  the  flight  train,  as  shown  in  Figure  3-2.  The  launching  and 


Figure  5-2. 


Flight  Configuration  for  Air-Filled 
Ballast  3ag  Flight  System 


Kand'-ing  of  this  type  of  flight  conf iguration  is 
balloon  flight  system  with  the  exception  of  the 
bag  as  part  of  the  payload. 


similar  Lc  a  regular 
urge  volume  ballast 


The  load  stress  exerted  on  the  ballast  bag  is  attributed  only  to 
the  displacement  weight  of  the  ballast  bag  (bag  weight  r  air  ballast 
weight).  The  only  other  location  for  the  ballast  beg  on  the  flight 
train  that  could  reduce  this  load  stress  is  on  top  of  the  main  balloon. 
Hovrever,  if  the  ballast  bag  (which  always  lias  a  positive  displacement 
weight)  were  on  top  of  the  main  balloon,  there  would  be  a  handling 
problem  for  the  top-heavy  main  balloon  during  the  inflation  and  erection 
phases  of  the  launch.  Also,  there  would  be  a  tendency  for  the  ballast 
bag  to  roll  and  shift  about  unless  it  were  tightly  held  down  to  the  main 
balloon  by  support  tapes.  In  this  case,  however,  the  stresses  for  re¬ 
straining  the  balloon  would  be  as  high  or  higher  than  those  experienced 
by  the  bag  suspended  under  the  payload. 


Typical  load  stresses  that  might  be  experienced  on  the  ballast  bag 
for  the  flight  configuration  shown  in  Figure  3-2  will  be  examined. 
Assume  a  2-mil  25-foot  radius,  Mylar  ballast  bag  fully  pressurized  at 
80,000  feet.  Frcm  Report  1,  it  was  found  that: 


Wjj  (bag  weight)  =  113  pounds 

At  (air  ballast  displacement  -weight)  =  38.6  pounds 

F  (total  force)  =  151.6  pounds 


Assume  that  the  suspension  tapes  on  the  ballast  bag  are  long  enough 
to  give  a  load  angle  6  equal  to  40°.  Using  Figure  3-l>  the  length  of 
the  load  tapes  are  approximately, 


25  feet  =  69  feet  . 
tan  ■(WTSl 

The  distance  (L)  (from  the  top  of  the  load  suspension  tape  to  the 
bottom  end  cap)  is  determined  by  the  following  formula: 


L  =  r  +  r  =  25  +  73  =  108  feet 
sin  TJ2 

The  linear  load  stress  (sp.-^)  on  the  ballast  bag  fabric  is  given  by: 


5 load  - 


151.6 


2  r  cos^<^/2  2  ■  25  •  cos'^  ( 40° ) 


=  1.09  lb. /ft. 


~T 


The  total  allowable  linear  stress  on  the  ballast  bag  material  has 
been  given  as  2k0  lb. /ft.  Hence  the  allowable  stress  for  differential 
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pressure,  s  ,  is  reduced  by  a  factor  of  less  than  0.5  percent.  Therefore, 

for  this  flight  configuration,  the  ballasting  capability  of  the  ballast  bag 
decreases  by  only  a  negligible  amount. 


Inflation  Techniques.  Nov  consider  some  of  the  launching  and  handling 
problems  associated  vith  this  flight  conf iguration.  One  of  the  more  popular 
methods  used  by  the  Air  Force  for  launching  and  handling  reasonably  small 
payloads  on  single  cell  poly  balloons  involves  the  use  of  an  inflation 
roller  arm  to  establish  the  bubble  during  inflation.  The  payload  is  often 
made  up  of  a  series  of  small  instrument  packages  fastened  to  a  load  bar, 
which  is  held  up  by  a  boom  crane,  15-  to  25-feet  high,  depending  on  the  pay- 
load  size.  The  payload  and  balloon  are  tied  together  through  a  set  of 
parachutes,  which  are  used  for  descent.  A  typical  configuration  is  shown  in 
Figure  3-3. 


Figure  3-3.  Typical  Inflation  Configuration  of 
Single  Cell  Poly  Balloons 


Once  the  poly  balloon  is  inflated  and  allowed  to  fly  up  out  of  the 
roller  arm,  the  flight  train  is  erected  and  the  system  is  ready  to  be  dy¬ 
namically  launched.  While  still  holding  the  payload,  the  crane  moves  down 
wind  with  the  entire  erected  flight  train.  The  payload  is  released  when 
the  main  balloon  is  directly  over  the  payload.  At  this  point  the  system 
is  launched  and  begins  to  ascend.  This  type  of  launch  is  wind  limited,  pri¬ 
marily,  to  th«  top  maneuvering  speed  of  the  crane  holding  the  payload. 


Handling  Techniques.  Assuming  a  launch  technique  just  described  is  used 
Tor" a  payload  containing  an  air-filled  ballast  bag,  several  problems  such 
as  how  the  ballast  bag  can  be  filled  with  air,  attached  to  the  load  bar. 
ana  handled  by  the  boom  crane  until  launch  must  be  considered.  Consider 
the  previous  example  using  a  25-foot  radius  ballast  bag.  The  total  length 
(L)  of  the  ballast  bag  system  suspended  under  the  load  bar  is  more  than 
100  feet  long  wnen  fully  deployed  at  operating  altitude.  When  the  ballast 
bag  is  on  the  ground,  the  volume  of  air  in  the  bag  is  considerably  smaller. 
Hence,  the  bag  should  be  filled  with  enough  air  so  that  it  is  full  and 
under  proper  superpressure  at  operating  altitude.  The  excess  fabric  of  the 
ballast  bag  and  its  suspension  tapes  can  be  folded  up  for  launch.  In  the 
example,  the  bag  is  to  be  fully  superpressured  during  the  day  at  the 
operating  altitude  of  80, 000  feet.  From  Report  No.  1  it  was  found  that  a  25- 
foot  radius  sealed  cell  bag  will  descent  from  80,000  feet  to  about  75>000 
feet  during  the  night,  at  which  point  the  bag  will  have  zero  differential 
pressure.  A  unit  volume  of  air  at  sea  level  expands  approximately  22  times 
at  this  altitude.  Therefore,  the  radius  of  a  bubble  of  air  increases  by  a 
factor  of  3v/22  =  2.8,  thus  the  required  diameter  of  the  air  bubble  in  the 
25-foct  radius  ballast  bag  on  the  ground  is  about  l8  feet. 

It  is  possible  to  launch  an  empty  ballast  bag  and  fill  it  with  air 
while  ascending  to  operating  altitude  by  means  of  air  scoops,  pressure 
tanKS,  or  other  similar  devices.  However,  severe  weight  penalties  and  con¬ 
trol  complications  would  be  added  to  the  ballast  system.  Also,  there  are 
additional  problems  of  ensuring  that  the  proper  amount  of  air  is  inserted 
into  the  ballast  bag  ana  that  the  air  valve  closes  at  the  proper  time  and 
does  not  leak  out  the  superpressured  air.  It  is  therefore  suggested  that 
a  simple  and  more  reliable  method  for  ensuring  that  the  proper  amount  of 
air  is  in  the  ballast  bag  is  to  insert  a  metered  amount  of  air  while  the 
bag  is  on  the  ground. 

One  method  for  filling  the  ballast  bag  while  on  the  ground  and  attach¬ 
ing  it  to  the  load  bar  is  shown  in  Figure  3-4.  A  ground  cloth  is  first 
laid  out  underneath  the  load  bar  that  is  held  up  by  a  boom  crane.  A  light¬ 
weight  net  is  placed  over  the  ground  cloth.  The  ballast  bag  is  partially 
spread  out  on  the  net,  and  its  suspension  lines  are  tied  together  on  a  ring 
fastened  to  the  lead  bar.  On  each  comer  of  the  net  are  small  rings  or 
loops  which  permit  ground  crew  personnel  to  lift  the  net  on  each  corner  and 
tie  the  corners  together  with  a  single  loop  of  nylon  cord  onto  the  load  bar. 
In  this  fashion,  the  ballast  bag  is  cradled  Inside  the  net.  The  inflation 
hose  is  left  hanging  out  the  net  to  permit  the  ballast  bag  to  be  filled. 

The  netting  around  the  ballast  bag  performs  three  functions:  first,  it 
provides  a  method  for  folding  up  the  excess  bag  fabric  and  suspension  tapes, 
and  restricts  the  length  of  the  ballast  system  during  launch  to  about  the 
diameter  of  the  required  bubble  of  air.  Second,  it  keeps  the  ballast  bag 
bubble  in  a  reasonably  firm  shape,  thereby  reducing  wind  drag  force  on  the 
payload  during  launch.  Third,  it  prevents  the  bag  from  sailing  during 
inflation  and  launching. 
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Figure  3-^.  Inflation  of  Ballast  Bag  with  Air 


Figure  3-5  shows  the  configuration  of  a  partially  inflated  ballast 
bag  bubble  suspended  on  the  load  bar  while  the  main  balloon  is  being  in¬ 
flated,  The  nylon  cord  used  to  tie  the  corners  of  the  net  onto  the  load 
bar  can  be  threaded  through  an  explosive  line  cutter,  which  allows  the 
net  to  be  remotely  released  and  the  ballast  bag  to  fully  deploy  after 
the  balloon  system  is  launched.  The  line  cutter  squibs  can  be  activated 
by  a  transmitted  signal  to  the  instrument  package.  However,  for  simplic¬ 
ity  in  launch  procedures,  the  squibs  can  be  automatically  fired  by  the 
closing  of  a  baroswitch  set  for  a  few  thousand  feet  above  the  ground 
level.  Another  method  for  automatically  releasing  the  net  is  to  have  a 
_ong  line  fastened  to  the  ground  and  connected  to  a  pin  puller  on  the 
load  bar.  After  launch,  when  the  payload  is  well  above  the  ground,  the 
line  pulls  out  the  pin  and  releases  the  net.  The  net  can  also  be  con¬ 
nected  to  the  ground  line  to  ass-ore  that  the  net  will  puli  off  the  ballast 
bag  and  not  hang  up  on  the  payload. 


Net  Squib  Releases  Main  Balloon 


Ballast  Bag  Bubble 
( 7 *  to  20'  Diameter) 


Figure  3-5.  Handling  of  Air -Filled  Ballast  Bag  During 
Inflation  Phase  of  Main  Balloon 


Restrictions.  The  size  of  the  a  Hast  bag  bubble  depends  on  both  the  size 
of  the  bag  and  the  operating  altitude  of  the  balloon  system.  As  demonstra¬ 
ted  in  Appendix  C,  a  crane  with  a  30-foot  boom  and  10-foot  extension  can 
handle  bubbles  ranging  in  size  up  to  20  feet  in  diameter.  However,  ballast 
bags  which  require  a  bubble  of  air  greater  than  this  diameter  do  not  lend 
themselves  to  the  procedures  and  techniques  just  described.  Table  3-1  lists 
the  size  restrictions  for  this  launch  technique. 

TABLE  3-1.  LAUNCH  RESTRICTIONS  FOR  A  40-F0OT  BOOM  CRANE 


Daytime 
operating 
altitude 
(1000  ft.) 

Radius  of  bag  with  10' 
radius  bubble  on  ground 
(ft.) 

Optimum  bag  size 
radius  (ft.)* 

60 

21.4 

15 

**70 

24.8 

25 

80 

28.8 

35 

90 

32.8 

50 

♦From  Table  1-1 

**Note  that  for  operating  altitudes  up  to  7C,000  feet  there  is  no  restriction 
on  size  of  the  ballast  system  tnan  can  be  handled  by  a  crane,  since  the  opti¬ 
mum  bag  sizes  up  to  70,000  feet  operating  altitude  require  bubbles  less  than 
20  feet  diameter  on  the  ground.  For  operating  altitudes  higher  than  70,000 
feet,  it  is  necessary  to  consider  other  flight  configurations  and  launch  tech 
niques  for  large  ballast  systems  with  bags  greater  than  50  feet  diameter. 
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Launching  L/irre  Ikilla- 1  .  terns .  If  it  v/ere  desirable  to  use  the  same 

1  light  configuration  for  large  ballast  ..ys  terns  as  for  snail  ballast 
t yet aur-,  a  static  launch  might  in;  employed.  With  this  method,  the  main 
laLloon  is  allowed  to  erect  lh°  flignt  train  with  trie  payload  to  a  launch 
configuration  as  shown  in  Figure  j-G. 
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Figure  3-6.  Static  Launch  Configuration  for  Large 
Air-Filled  Laiiast  Bags 


The  harness  or  girdle  around  the  main  balloon  holds  it  in  a  firm 
*.  1:  t  le  and  provides  a  convenient  attachment  point  for  the  mainstay  cable 
t-  noid  the  balloon.  Wnen  the  balloon  system  is  ready  to  be  launched ,  a 
set  or  squibs  breaks  apart  the  harness  arid  allows  the  balloon  to  be  re¬ 
leased  f.-cn  the  mainstay  while  the  harness  falls  clear. 

The  wind  restrictions  for  a  static  launch  are  about  the  same  or  less 
than  for  a  dynamic  launch,  but  the  handling  procedures  are  more  compli¬ 
cated  .  For  example,  if  the  largest  available  crane  can  hold  the  payload 
only  30  feet  above  ground  and  the  bubble  Is  40  feet  in  diameter,  it  is 
necessary  to  suspend  the  load  bar  below  the  level  of  the  top  of  the  bal¬ 
last  bag  bubble  while  the  main  balloon  is  being  inflated.  In  this  case 
two  cranes  are  proposed  to  restrain  the  erected  payload  instead  of  ground 
anchors . 

Restraining  lines  fastened  to  the  netting  should  be  used  to  hold  tne 
bubble  over  the  ground  cloth.  When  the  main  balloon  is  fully  inflated, 
the  launch  arm  releases  the  main  balloon,  which  is  then  held  down  by  the 
mainstay  cable.  The  mainstay  vehicle  then  pays  out  mainstay  cable,  allowing 
the  whole  flight  train  to  be  erected.  When  the  flight  train  is  erected, 
the  cranes  can  pay  out  the  cables  a  Cached  to  the  load  bar,  allowing  the 
flight  train  to  hoist  the  load  bar  above  the  ballast  bag  bubble.  When  the 
flight  train  is  raised  high  enough  off  the  ground  to  lift  the  ballast  bag 
bubble,  the  system  can  then  be  launched. 

The  primary  purpose  of  the  two  cranes  is  to  provide  complete  control 
of  the  payload  on  the  load  bar  while  the  flight  train  is  erected  and  to 
suspend  the  load  bar  as  high  and  near  as  possible  to  the  top  of  the  bubble 

so  that  the  flight  train  can  lift  off  the  ballast  bag  bubble  straight  up 

without  a  twisting  motion.  Naturally  the  crane  booms  should  be  well  padded 
for  protection  of  the  balja.st  bag. 

The  launch  configuration  of  the  flight  train,  as  shown  in  Figure  3-6, 
has  the  mainstay  vehicle  pulling  the  flight  train  5  to  10°  from  the  vertical 
into  the  wind.  When  the  system  is  ready  to  launch,  the  mainstay  cable  and 
harness  are  first  squibbed  off.  At  this  point,  the  flight  train  swings  up 
with  the  wind  to  a  vertical  position.  When  the  flight  train  is  fully 
erected  (straight  up  and  down),  the  two  lines  frem  the  boom  cranes  to  the 
load  bar  are  squibbed  off,  releasing  the  payload.  The  restraining  lines  to 
the  ballast  bag  net  are  then  released  at  the  ground.  As  the  system  rises, 

a  baroswitch  closes  at  a  predetermined  height  and  squibs  off  the  net.  The 

r.et,  along  with  restraining  lines,  falls  fran  the  ballast  bag,  which  then 
deploys  tc  its  full  flight  configuration  length. 

Normally,  static  launches  have  more  or  less  been  restricted  to  tandem 
balloon  systems  such  as  Stratoscope  II,  HAPPE,  Project  Voyager,  and  other 
heavy  payload  balloon  systems.  The  harness  around  the  main  balloon  would 
allow  {  single  cell  balloon  to  assume  a  pseudo-tandem  balloon  configuration, 
thus  allowing  it  to  be  handled  like  a  tandem  balloon.  The  harness  concept 
has  been  proposed  previously,  but  to  date  has  not  been  developed  sufficiently 
to  provide  a  workable  erection  and  static  launch  technique  for  single  cell 
poly  balloons.  It  therefore  will  be  necessary  to  conduct  a  study  and  develop¬ 
ment  program  on  methods  and  launch  equipment  required  for  statically  launching 
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„  ingle  c  !!  pi  ly  balloon,  b-'i'oro  j-irge  ballast  ;;y:  terns  in  the  flight  con- 
fi-iuration  :iiovm  in  Figure  3-o  can  bo  launched. 

The  dynamic  launch  cf  large  air-filled  ballast  systems  however,  is 
not  considered  practical  with  existing  launch  equipment  unless  a  different 
flight  configuration  is  used.  One  possible  configuration,  for  example, 
which  might  be  used  with  existing  launch  equipment,  is  to  have  a  center 
load  cable  running  through  the  middle  of  the  bag,  suspending  the  bag  be¬ 
tween  the  bottom  of  the  flight  train  parachutes  and  the  payload.  The 
ballast  bag  could  be  corn  trained  an  a  sausage-like  fashion  by  a  sheath  or 
netting  while  partially  inflated  the  ground,  as  shown  in  Figure  3-7. 

In  tnis  manner,  the  ballast  bag  becar.es  an  integral  part  of  the  entire 
length  of  the  flight  train  which  can  be  erected  and  launched  in  tht  usual 
manner  for  a  dynamic  launch. 


Bag  Sheathing 


Center 


Figxire  3-7 


Inflation  Ci  nfiguration  for  large  Air-Filled 
Ballast  Bag  Suspended  Above  the  Payload 


Several  complications  become  apparent  with  this  type  of  configuration 
which  may  preclude  further  development  in  this  area.  The  main  problems  are 
the  control  of  the  large  bubble  held  in  sausage-like  fashion  when  subjected 


to  wind  forces  during  erection,  and  the  excessively  long  ler.gt 


'he  fli 


train  when  th°  ballast  bag  is  suspended  between  the  main  balloon  and  the 


ght. 


instrument,  payload .  For  example,  a  100-foot  diameter  ballast  bag  flown  at 
90,00-0  feet,  has  to  be  inflated  to  a  cylinder  about  10C  feet  long  and  about 


12. •>  feet  in  diameter  before  it  is  launched.  The  flight  train  will  be 
more  than  100  feet  longer  than  normal,  making  it  difficult  to  keep  the 
main  balloon  directly  over  the  payload.  While  the  crane  is  maneuvering 
about  for  a  dynamic  launch,  the  lower  part  of  the  flight  train  is  buf¬ 
feted  by  winds  which  are  more  likely  to  differ  from  those  winds  on  the 
main  balloon  150  to  200  feet  higher.  Hence,  it  is  felt  this  system  is 
definitely  more  wind  limited  than  the  static  launch.  Another  problem 
to  be  considered  is  the  fabrication  techniques  required  to  build  a 
superpressure  bag  with  a  line  running  through  it  and  methods  for  sup¬ 
porting  the  bag  without  setting  up  excessive  stresses  on  the  end  caps. 

In  conclusion,  therefore,  it  is  felt  that  air-filled  ballast  sys¬ 
tems  flying  less  than  70,000  feet  or  smaller  than  50  feet  in  diameter 
can  be  handled  and  launched  dynamically  with  existing  equipment.  Larger 
systems  require  further  study  and  development  in  the  static  erection  and 
launching  of  single  cell  poly  balloons.  At  this  point,  it  is  believed 
tliat  static  launches  are  more  promising  than  development  of  new  flight 
configurations  for  dynamic  launches  of  large  air-filled  ballast  systems. 


C.  HELIUM-FILLED  SEALED  CELL  BALLAST  SYSTEMS 

Ideal  Flight  Configuration.  Since  the  helium-filled  sealed  cell  ballast 
system  exerts  a  gross  lift,  it  appears  logical  to  suspend  the  ballast 
bag  above  the  main  balloon  in  the  flight  configuration  as  shown  in 
Figure  3-8.  Depending  on  the  weight  and  size  of  the  bag  and  the  amount 
o-  helium,  however,  it  may  or  may  not  have  a  net  lift  when  flying  at 
altitude.  If  the  bag  should  have  a  positive  displacement  weight,  even 
when  filled  with  helium  at  operational  altitude,  it  will  have  a  tendency 
to  flop  to  one  side  and  rest  on  top  of  the  main  balloon  as  shown' in 
phantom  detail  on  Figure  3-8.  Though  it  is  not  known  what  stresses  may 
be  imposed  on  the  ballast  bag  or  the  main  balloon  when  this  phenamenom 
occurs,  it  is  not  believed  to  be  a  grave  problem.  Heavy  loads  on  top  of 
zero  pressure  balloons  have  been  successfully  flown  before  without  un¬ 
usual  stress  occuring  on  the  balloon  fabric.  As  for  the  ballast  bag,  if 
part  of  its  weight  rests  on  the  main  balloon,  then  it  is  logical  to 
assume  that  the  stresses  exerted  by  the  load  tapes  on  the  bag  are  not 
any  higher  than  if  the  bag  were  suspended  below  the  flight  train.  Since 
the  bag  does  contain  helium,  however,  if  the  bag  does  have  a  positive 
displacement  weight,  it  will  be  less  than  the  weight  of  the  empty  bag 
and  most  certainly  less  than  an  air -filled  bag. 

Before  proceeding  on  this  point,  consider  the  operation  of  the 
sealed  cell  ballast  system.  If  the  proper  amount  of  helium  is  injected 
into  the  bag  at  launch,  then,  when  the  system  reaches  its  design  daytime 
altitude,  the  bag  will  be  superpressured  to  its  design  limit.  Addition¬ 
ally,  at  night  when  sunset  effect  occurs,  the  system  drops  A  h  feet  to  a 
specific  nighttime  operating  altitude,  h£.  If  the  amount  of  helium  is 
correct  and  the  system  designed  properly,  the  bag  will  be  fully  deployed 
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Figure  3-8.  He Hum -Filled  Sealed  Cell  Ballast  System 
Flight  Configuration 

and  have  no  superpressure  at  night,  providing  there  is  no  night  superheat. 
This  means  that  the  correct  amount  of  helium  to  be  inserted  into  the  bag 
can  be  determined  before  launch,  once  the  sine  and  nighttime  operating 
altitude  of  the  ballast  system  are  known.  Free  lift  can  also  be  determined 
at  launch.  The  gross  lift  of  the  ballast  bag  at  night,  assuming  zero 
superpressure  and  superheat,  is  given  b;  the  following  formula: 


g  is  tiu'  specific  lift  of  helium  at  night  operating  altitude 
^2  ( lb./cu.ft. ). 


The  weight  of  the  bag,  neglecting  weight  attributed  to  fittings  and  sus¬ 
pension  tapes,  is  given  by: 


2 

W  =  a  jf  r~  w, 

b  ’ 


where 


Wu  is 

U 


The  free  lift  of  the 


unit  v:eight  of  the  bag  fabric  (ib. /sq.ft, 
bag  at  night  (F~d  )  is: 


!• 


-W. 


If  the  ballast  bag's  free  lift  percentage  cf  its  gross  weight  is 
equal  to  or  greater  tl  -in  the  main  balloon’s  free  lift  percentage  then  the 
balloon  system  in  the  configuration  shown  in  Figure  3-8  should  experience 
no  new  problems  when  erected,  launched  or  while  ascending.  For  example, 
during  erection  when  both  the  main  balloon  and  the  ballast  bag  are  allowed 
to  fly  up  to  the  launch  position,  if  the  ballast  bag's  percentage  of  free 
lift  is  equal  or  greater  than  the  main  balloon's  percentage,  then  the  bag 
should  never  lag  behind  the  main  balloon. 

Since  it  is  common  practice  to  lau;  .*  zero  pressure  balloons  with 
10  percent  free  lift,  we  ohall  stipulate  that  the  ballast  bag  have  10 
percent  or  mox’e  free  lift  when  on  the  ground.  Notice  at  this  point  that 
for  a  given  operating  altitude  and  bag  weight,  the  net  ljft  of  the  bag  is 
proportional  to  bag  radius.  Therefore,  from  the  above  formulas, 


The  minimum  bag  radius  (rmin)  that  satisfies  this  equation,  can  be 
determined.  Fran  Figure  3-10  in  Report  No.  1,  A  h  can  be  determined  for 
a  sealed  cell  ballast  system  given  a  daytime  operating  altitude,  h^,  and 
bag  radius.  Given  a  bag  fabric  unit  weight,  w^,  and  by  employing  an 

iterative  process,  r^in  can  be  determined  for  daytime  operating  altitude, 
h1 .  For  a  given  altitude,  hp  and  r,  the  nighttime  operating  altitude,  h2, 

and  the  specific  lift  of  free  helium  can  be  found.  Table  3-2  has  been 

made  for  rmin,  assuming  a  2-mil  Mylar  ballast  bag  =  0.147  lb. /sq.ft.) 
with  zero  superheat  and  superpressure  at  night  and  a  free  lift  of  10  percent 
or  greater  at  launch. 
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Ail  systems  with  ballast  bags  having  a  radius  larger  than  rm^n  can  be 
filled  witn  the  proper  metered  amount  cf  helium  and  still  have  10  percent 
free  lift  when  launched  and  when  at  altitude.  Ballast  bags  with  a  radius 
smaller  than  rmsri  have  to  be  filled  with  an  excess  amount  of  helium  before 
launch,  ana  the  excess  ne liver,  valved  out  while  the  system  ascends  to 
operating  altitude.  This  condition,  of  course,  imposes  an  additional 
operational  requirement  to  tne  ballast  system  while  ascending  to  altitude. 

As  the  system  ascends,  if  tne  bag  is  equipped  with  a  self -regulating  valve, 
the  system  automatically  releases  tne  excess  helium  when  the  superpressure 
in  the  bag  exceeds  the  allowable  design  pressure.  The  valve  will  have  to 
be  designed  to  allow  the  maximum  flow  rate  of  gas  out  of  the  bag  to  match 
the  rate  of  change  in  differential  pressure  on  the  bag  while  ascending. 

In  addition,  the  valve  will  have  to  be  remotely  controlled  so  that  not  too 
much  helium  is  valved  out  ’when  the  bag  reaches  altitude  and  the  gas  inside 
the  bag  begins  to  superheat. 

The  excess  helium  inserted  into  bags  smaller  than  the  minimum  sizes 
indicated  on  Table  3-2  should  not  be  more  than  that  required  to  give  the 
ballast  bag  10  percent  free  lift.  It  should  be  pointed  out  that  10  percent 
free  lift  is  obtainable  for  most  bags  on  the  ground,  even  bags  as  small  as 
two  feet  in  diameter.  The  primary  problem  with  small  ballast  bags  that  axe 
almost  lilled  with  helium  is  that  a  relatively  high  flc  rate  of  excess  gas 
through  the  relief  valve  is  required  when  the  balloon  is  initially  ascending 
at  a  fairly  high  velocity.  This  flow  rate,  in  turn,  requires  larger  gas 
valves  in  the  bag  and  subsequently  more  dead  weight  on  the  system,  thus 
decreasing  the  overall  system  payload  capacity. 

For  a  sealed  cell  ballast  system  w’hose  free  lift  is  10  percent  or 
greater  at  launch,  the  launching  and  handling  problems  are  essentially  the 
same  as  for  a  double  balloon  flight  train.  In  this  case,  however,  the  top 
balloon  (ballast  lag)  is  a  superpressure  bag  independently  fastened  to  a 
zero  pressure  balloon  (the  main  balloon).  Once  both  b  .llcon  and  bag  are  in¬ 
flated  and  the  flight  train  is  erected,  the  system  ca..  be  dynamically 
launched  in  the  usual  manner  as  shown  in  Figure  3-?. 
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Figure  3-9.  Launch  Configuration  for  Ballast  Bag  Filled  with  Helium 

Nov  consider  the  load  stresses  exerted  on  the  bag  fabric  when  the  bag 
has  the  greatest  amount  of  free  lift.  For  example,  consider  a  2-mil,  25- 
foct  radius  bag  whose  daytime  operating  altitude  is  80,000  feet.  At  night, 
when  the  system  drops  to  a  lower  altitude  (75,600  feet),  the  bag  super¬ 
pressure  decreases  end  its  net  lift  increases.  From  Report  No.  1  it  was 
found  that: 


Gu  ( Night  gross  lift)  =  1,92.7  lb. 
u2 

W  (Bag  weight)  =  115.0  lb. 

F-0  =  77.7  lb.  (net  lift  of  25-foot 

^  radius  bag  at  75,600 


Following  the  example  given  in  Section  IIIB  with  the  same  J»0°  load 
an  lie,  the  linear  stress,  eioadj  on  the  bag  fabric  is  now  equal  to  0.^6 
lb. /it.,  or  a  reduction  of  less  than  C.3  percent  of  the  allowable  linear 
stress  due  to  differential  pressure  (sAp)  or  of  air  ballast  capability. 

In  addition,  when  the  system  rises  to  its  operating  altitude  during  the 
day,  the  net  lift  of  the  bag  decreases,  thereby  reducing  the  load  stress 
on  the  bag  fabric  to  a  still  smaller  figure.  Therefore  it  is  concluded 
^Ilat  the  flight  configuration  shown  in  Figure  3-8  little  effect  on 
the  ballasting  capability  on  the  system. 

Inflation  Techniques.  The  primary  problem  for  the  flight  configuration 
just  described  is  the  method  used  for  inflating  both  balloons  and  erecting 
the  flight  train.  One  method  for  inflating  both  balloons  is  shown  on 
Figure  3-10.  A  regular  launch  roller  arm  can  be  used  for  holding  down  the 
main  balloon  during  its  inflation.  The  inflation  of  superpressure  balloons 
however,  presents  a  slightly  different  problem  if  the  bag  material  is  Mylar 
Since  pure  Mylar  film  is  more  slippery  than  polyethelene  or  scrim  balloon 
material,  it  is  necessary  to  use  a  "Clutch  launcher"  that  can  firmly  .»old 
the  material  in  place  without  the  material  slipping  and  minimize  the 


Ballast  Bag  &ibble 
(?'  -  1*0'  Diameter) 


Figure  3-10*  Initial  Inflation  Phase  (Ballast  Bag 
Filled  with  Helium) 
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stresses  on  the  fabric.  The  "Clutch  Launcher"  (Figure  3-11)  has  been 
used  successfully  by  the  Air  Force  for  numerous  superpressure  balloon 
launches  and  appears  to  be  an  ideal  launcher  for  inflating  Kylar  bal¬ 
last  bags  with  helium. 


Figure  3-11.  AFCRL  Clutch  Launcher  Holding 
Down  a  Superpressure  Balloon 


Basically,  the  clutch  launcher  consists  of  two  light,  foam-padded 
clutch  blocks  which  pinch  a  loop  of  balloon  fabric.  The  balloon  is 
folded  so  that  all  seals  occur  at  the  outer  edges  of  the  folded  system 
and  the  clanping  blocks  are  located  at  these  seals.  Inside  the  loop 
of  balloon  material  is  a  padded  lightweight  roller  which  prevents  the 
loop  of  balloon  fabric  frcn  slipping  through  the  clutch  blocks.  When 
the  superpressure  balloon  is  filled  with  the  right  amount  of  helium, 
the  clutch  blocks,  which  are  hold  down  by  a  ground  line,  are  released 
allowing  the  clutch  blocks  to  fly  apart  and  the  roller  to  fly  ovjt.  A 
bungee  line  connected  to  the  roller  prevents  the  roller  from  flying 
out  too  far  and  striking  personnel  around  the  balloon  and  also  allows 
the  roller  to  swing  clear  of  the  balloon  as  it  rises. 


Tito  exact  sequence  un-5  lining  fur  inflating  both  ball  cons  depends 
greatly  or.  the  size  of  the  ballast,  tar,  ar*J  the  required  osount  of  heliua 
in  the  bag  at  Launch.  For  ballast  rye  tens  operating  at  high  altitudes, 
a  craaller  bubble  of  helices  ic  required  on  the  ground  before  launch  than 
for  cyst enr  operating  at  lover  aiMiudor.  Even  though  it  uac  stipulated 
that  the  bag  have  a*  least  10  percent  or  acre  free  lift,  ballast  bogs 
with  raall  net  lift  will  barely  be  able  tc  lift  the  end  of  the  aain 
balloon.  Also  for  chore  ballast  bags  with  relatively  canll  bubbles  of 
helices  (snail  lallnrt  syctesr  or  those  operating  at  high  altitudes), 
there  is  the  additional  problems  of  the  tag  behaving  like  a  tethered 
balloon  buffeted  about  by  winds  while  sury  .nded  frees  the  sain  balloon 
during  the  Inflation  and  flight  train  erecticr..  The  buffeting  of  the 
ballast  bag  bubble  exerts  hich  shearing  stress  on  the  sain  balloon  until 
the  5 yc ten  is  launched. 

Therefore,  it  ir  preferable  tlat  the  inflation  of  the  ballast  bag 
and  kaair.  balloon  be  ccrspieted  at  tlse  sase  tine.  A  sheath  can  be  wrapped 
arouna  the  suspension  taper  and  excess  fabric  of  the  ballast  bag  to  pre¬ 
vent  it  free  -ailing  with  the  vini  visile  the  balloons  ore  inflated  and 
erected.  The  sheath  car  be  ripped  off  at  launch  by  a  rip  cord,  allowing 
the  bag  to  fully  deploy  while  ascending  to  altitude. 


wi«! 

,K*in  Balloon 


Figure  3-12.  Configuration  of  lullast  Bag  Filled  with  Hrlaun 
Before  Erection  of  Flight  Train 


While  the  ballast  bag  end  the  main  balloon  are  inflated  at  the  same 
lime,  the  ballast  bag  should  be  held  as  close  as  possible  to  the  main 
balloon  while  the  top  fitting  of  the  balloon  begins  to  rise.  If  the  sus¬ 
pension  tapes  and  excess  bag  fabric  are  long  enough,  thi,  inflation  can 
be  accomplished  as  depicted  in  Figure  3-12.  Otherwise  the  ballast  bag 
should  first  be  fully  inflated  and  slowly  be  picked  up  by  a  boom  crane 
ana  swung  into  position  while  the  main  balloon  is  inflated  and  begins  to 
erect  as  shown  in  Figure  3-13.  Tne  primary  difference  between  the  in¬ 
flation  phase  configurations  shown  in  Figures  3-12  and  3-13?  is  that  the 
length  of  the  suspension  tapes  and  excess  bag  fabric  is  not  long  enough 
to  permit  the  main  balloon  to  be  fully  inflated  and  its  top  fitting 
erected  while  the  clutch  launcher  for  the  ballast  bag  is  held  down  to 
the  ground.  The  inflation  procedure,  shown  in  Figure  3-13  is  definitely 
more  complex  and  hazardous  to  personnel  and  the  main  balloon  especially 
when  the  clutch  launcher  is  released. 

Sheath  Around  Ballast  Bag 


Figure  '•'-13.  Inflation  Configuration  of  Ballast  Bag  Filled  with 
Helium  with  Snort  Suspension  Tapes 


Before  coutu  dering  this  second  Inflation  method  a  check  should  be 
made  to  determine  the  extra  dead  weight  required  for  lengthening  the 
suspension  tapes  or  adding  an  extra  cable  length  between  the  top  fitting 


: 


ol'  the  main  balloon  and  the  support  ring  where  the  bag  suspension  tapes 
are  tied  together.  If  this  extra  weight  does  not  diminish  the  system 
payload  capacity  below  the  minimum  requirements,  it  is  preferable  that 
the  clutch  launcher  be  anchored  to  the  ground  and  the  support  tapes  and 
cables  between  the  two  balloons  be  lengthened. 

Handling  and  Launch  Techniques.  Once  the  main  balloon  and  ballast  bag 
are  inflated  with  the  correct  amount  of  helium  the  erection  phase  may 
begin.  The  clutch  launcher  is  first  released  allowing  the  ballast  bag 
to  swing  up  over  the  top  of  the  main  balloon.  When  the  bag  is  almost 
over  the  main  balloon,  the  roller  arm  launcher  can  release  the  main 
balloon.  Both  the  ballast  bag  and  main  balloon  can  rise  together,  thus 
erecting  the  flight  system  to  the  launch  configuration  as  shown  in 
Figure  3-9. 

If  the  ballast  bag  has  a  very  high  net  lift  and  can  actually  lift 
the  top  of  the  main  balloon,  it  may  be  possible  to  fill  the  ballast  bag 
first  while  filling  the  main  balloon  and  release  the  ballast  bag  from 
the  clutch  launcher  before  the  main  balloon  has  a  large  enough  bubble 
to  lift'  its  own  top  fitting.  (Figure  3-1*0.  In  this  manner  the  ballast 


Figure  3-lU.  Inflation  Configurate  on  of  High  Lift  Ballast.  Bag 
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lag  it-  a  cloved  to  hold  the  main  balloon  bubble  up  while  the  inflation 
i-'  completed  on  the  main  balloon.  When  the  main  balloon  is  fulLy  in¬ 
flated;  the  roller  arm  releases  the  main  balloon  and  the  system  then 
erects  itself  to  the  launch  configuration.  Notice,  however,  that  this 
inflation  procedure  is  definitely  wind  limited  and  should  be  used  only 
when  the  ballast  bag  requires  enough  helium  at  launch  to  give  it  a 
high  not  lift  and  the  bubble  of  helium  in  the  bag  is  suspended  fairly 
close  tc  the  top  fitting  of  the  main  balloon.  In  all  cases  thus  far 
described  it  is  important  that  the  ballast  bag  have  a  reasonably  tight 
nubble  so  that  maximum  control  is  possible  until  the  system  is  erected 
and  launched. 

Other  Flight  Configurations.  Let  us  now  consider  other  possible  flight 
con?iguritIons~l^r:~ieareTTell  systems  where  the  ballast  bag  has  less 
than  10  percent  lift  or  even  a  positive  weight.  Though  theoretically 
there  are  no  launching  restrictions  in  relating  to  the  size  of  t.he 
helium  filled  bag  on  top  of  the  main  balloon,  it  may  not  be  desirable 
to  insert  excess  helium  into  the  ballast  bag  and  valve  it  out  while 
the  system  ascends.  If  the  helium-filled  bag  were  located  elsewhere  in 
the  balloon  system, then  the  primary  problems  are  control  of  the  helium 
bubble  and  the  orientation  (up  and  down)  of  the  ballast  bag,  especially 
•when  it  has  lift  at  night  operating  altitude  and  weight  when  fully  pres¬ 
surized  at  day  operating  altitude.  One  possible  flight  configuration  is 
shewn  in  Figure  3-15  where  the  bag  has  a  double  set  of  suspension  tapes; 


Figure  3-15.  Helium-Filled  Sealed  Cell  Ballast  System 
S_ung  Under  Payload 


onr  ret  of  tapes  suspends  an  "orientation"  weight  onto  the  bag  itself  so 
that  the  bag  is  always  held  down  even  when  it  has  free  lift;  and  the  other 
set  of  tapes  suspends  the  bag  and  the  orientation  weight  underneath  the 
payload  bar. 

The  orientation  weight,  which  can  range  from  5  to  40  pounds,  makes  up 
part  of  the  total  payload  carried  by  the  balloon  system.  The  orientation 
weighs  should  be  slightly  heavier  tlian  the  maximum  lift  of  the  ballast  bag 
if  the  bag  has  any  positive  lift.  Otherwise,  the  orientation  weight 
should  Ve  heavy  enough  to  hold  the  excess  fabric  of  the  ballast  bag  in  a 
downward  direction  to  prevent  the  bubble  of  helium  in  the  bag  from  shifting 
about  and  causing  the  lower  end  of  the  bag  from  floating  upward.  In  either 
case,  it  is  important  that  the  orientation  weight  be  as  light  as  possible 
while  performing  its  function  so  that  the  linear  load  stresses  on  the  bag 
can  be  kept  as  low  as  possible.  Depending  on  the  size  of  the  orientation 
weight  required,  it  can  consist  of  parts  of  the  instrumentation  necessary 
to  monitor  the  condition  of  the  bag  (temperature  and  pressure),  and  if 
higher  orientation  weights  are  required  (20  or  more  pounds),  the  compen¬ 
sation  ballast  hopper  can  also  be  supported  at  this  point.  The  purpose 
of  the  compensation  ballast  is  to  compensate  for  lift  loss  either  in  the 
main  balloon  or  ballast  system  due  to  helium  leaks.  Actually,  it  would 
be  favorable  to  locate  the  compensation  ballast  hopper  underneath  the 
ballast  bag  so  that  the  ballast  can  fall  free  of  the  balloon  system.  If 
the  ballast  hopper  were  suspended  over  the  ballast  bag  there  is  a  pos¬ 
sibility  that  the  solid  ballast  would  collect  on  the  ballast  bag  or  even 
damage  it. 

Basically  this  type  of  system  is  similar  to  the  air-filled  sealed 
cell  systems  as  shown  in  Figure  3-2  with  the  exception  of  the  orientation 
weight  slung  underneath  the  ballast  bag.  An  inflation  procedure,- such  as 
described  in  Section  IIIB  for  the  air-filled  system,  may  be  used.  The 
lightweight  net  can  hold  the  bag  in  a  tight  bubble  while  the  bubble  i3  in¬ 
flated  and  can  prevent  the  helium  lift  from  floating  portions  of  the  bag 
material  around  the  Instrument  payload  suspended  from  the  boom  crane. 

Care  will  have  to  be  taken  to  prevent  the  double  setD  of  suspension  tapes 
to  the  ballast  bag  and  the  orientation  weight  from  being  tangled  with  the 
excess  bag  material  when  the  inflation  net  is  removed.  This  can  be  ac¬ 
complished  by  taking  extra  precautions  in  folding  any  excess  bag  material 
and  tapes  inside  the  netting  and  assuring  that  the  bubble  can  expand 
freely  while  the  ballast  bag  is  being  filled. 

The  erection  and  launching  procedure  for  the  flight  configuration 
shown  in  Figure  3-15>  can  be  the  same  as  that  described  in  Section  IIIB 
for  small  bubbles  (7  to  20  feet  in  diameter).  For  large  bubbles  of  helium 
with  low  lift,  the  inflation,  erection,  and  launching  problems  become  more 
acute  for  this  type  of  flight  configuration. 

Another  flight  conf iguration  possibility  for  low  net -lift  helium- 
filled  ballast  bags  is  the  suspension  of  the  bag  immediately  above  the  in¬ 
strument  payload  vith  a  load  line  running  through  it  as  shown  in  Figure  3-7. 
As  explained  for  air-filled  ballast  systems,  this  configuration  presents 
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unusual  and  complicated  fabrication  and  launching  problems  for  larger 
bags . 

Another  possibility  is  to  join  the  ballast  bag  to  the  main  balioon 
in  tandem  fashion  as  is  shown  in  Figure  3-1-6.  Instead  of  venting  the 
excess  helium  from  the  ballast  bag  to  the  atmosphere,  the  helium  is  al¬ 
lowed  to  flow  through  a  transfer  duct  into  the  main  balloon.  In  this 
configuration  the  ballast  bag  is  completely  filled  and  the  main  balioon 
remains  empty  while  on  the  ground.  The  center  fitting  between  the  two 
Dalloons  contains  a  relief  valve  for  controlling  the  transfer  of  helium 
and  provides  a  point  to  which  a  mainstay  cable  can  be  connected  for 
erecting  the  flight  train  and  allowing  the  balloon  system  to  be  statically 
launched.  Basically  this  configuration  is  a  tandem  balloon  system  with  a 
superpressure  controllable  launch  balloon  on  top. 


Figure  3-16.  Tandem  Balioon  Configuration  for  Superpressure 
Ballast  Bag  on  Top  of  Zero  Pressure  Balloon 


Ballast  bags  l6  feet  or  more  in  diameter  can  hold  enough  helium 
without  becoming  superpressured  while  on  the  ground  to  fill  the  largest 
main  balloon  it  can  ballast  as  well  as  to  superpressure  the  ballast  bag 
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it to  the  proper  operating  pressures  at  operation  altitude..  of  60,000 
feet  or  more. 

Two  distinct  advantages  are  apparent  for  the  tandem  balloon  configu¬ 
ration.  The  first  is  that  less  helium  is  wasted  since  the  excess  helatun 
from  the  ballast  bag  is  vented  into  the  main  balloon  instead  of  into  the 
atmosphere.  Second,  the  tandem  balloon  configuration  lends  itself 
readily  to  static  launch  techniques  whic  have  been  used  many  times  for 
large  teudein  baLYoon  systems.  Experience  has  shown  in  the  past  that 
static  launches  for  large  tandem  balloon  systems  are  lets  wind  sensitive 
than  dynamic  launches. 

The  launching  and  handling  techniques  for  the  tandem  balloon  configu¬ 
ration  of  the  helium-filled  sealed  ceil  ^yc terns  arc  similar  to  those 
techniques  practiced  for  systems  suen  as  Stratoscopc  II,  and  project 
Voyager.  A  development  program.,  however,  has  to  be  conducted  on  the  de¬ 
sign  and  fabrication  of  a  center  fitting  with  a  controllable  transfer 
relief  valve  and  techniques  for  joining  a  superpressure  balloon  to  a 
s.ero  pressure  balloon  with  transfer  ducts  and  a  center  fitting  between 
them. 


D.  POWERED  BALLAST  SYSTEM 

Since  Report  No.  1  concluded  that  powered  systems  are  not  particu¬ 
larly  practical  using  state-of-the-art  components,  it  is  djfficul  at 
this  time  to  be  precise  about  the  flight  configurations,  launching 
problems  and  handling  techniques  for  powered  systems.  It  is  not  known 
what  type  of  winches,  compressors,  or  power  systems  will  be  eventually 
developed  for  these  systems;  therefore,  configurations  and  techniques 
that  may  be  used  are  somewhat  speculative.  If  studies  are  pursued  in 
this  area,  it  will  be  necessary  to  reevaluate  the  general  configuration 
and  techniques  described  and  to  determine  wnere  changes,  if  necessary, 
must  be  made  to  make  the  systems  and  their  associated  flight  configura¬ 
tions  compatible  to  the  newly  developed  components. 

Let  us  first  look  at  the  flight  configuration  of  a  mass  expulsion 
ballast  system  with  a  compressor  as  shown  in  Figure  3-17.  The  only  basic 
difference  between  this  system  and  the  non-powered  mass  expulsion  ballast 
system  is  the  additional  payload  carri-  d  on  the  load  bar  for  the  air  com¬ 
pressor  and  the  electrical  power  system.  Provided  the  compressor  and 
power  systems  are  reasonably  small  in  size,  the  same  inflation,  erection 
and  launching  techniques  used  for  air-filled  ballast  systems  can  also  be 
used  for  air -filled  powered  ballast  systems. 


Exhaust  Duct 


Figure  3-17.  Flight  Configuration  of  a  Powered 
Mass  Expulsion  Ballast  System 


The  winch  powered  sealed  cell  ballast  system  filled  with  air  should 
be  similar  to  the  flight  configuration  as  shown  in  Figure  3-2  with  the 
exception  of  a  winch  on  the  payload  bar  and  a  cable  running  down  to  the 
load  suspension  tapes  of  the  ballast  bag.  The  cable  running  from  the 
winch  to  the  ballast  bag  should  be  fully  reeled  in  when  the  system  is 
launched .  Again,  as  for  the  mass  expulsion  ballast  system  with  a  com¬ 
pressor,  the  inflation,  erection,  and  launching  techniques  should  also 
be  similar,  provided  that  the  winch  and  power  systems  are  reasonable  in 
size.  For  large  powered  air  filled  ballast  systems,  the  same  inherent 
launching  and  handling  problems  exist  as  for  large  non-pcwered  air  ballast 
systems. 

The  helium  filled  sealed  cell  ballast  system  on  a  powered  winch  how¬ 
ever  has  a  few  more  complications  than  the  non -powered  sealed  cell  systems 
filled  with  helium.  In  order  to  keep  the  power  requirements  on  the  winch 
to  a  minimum,  it  was  found  in  Report  No.  1  tliat  the  net  lift  of  the  en¬ 
tire  ballast  system  should  be  virtually  nil  when  the  winch  is  reeled  out 
and  that  the  only  increase  in  lift  should  be  attributed  to  the  "air" 
ballast  of  the  system  when  reeled  in.  This  approach,  depending  on  the  net 
lift  of  the  oallast  bag,  requires  that  part  of  che  payload  svch  as  the 
winch  and  system  controls  be  suspended  underneath  the  ballast  bag  as  shown 
in  Figure  3-l8.  Ibis  configuration  irposfs  a  linear  stress  on  the  ballast 
bag  approximately  proportional  to  the  net  lift  of  the  ballast  bag  Itself. 


Located  below  the  payload.  The  launching  and  handling  problems  for  this 
■‘^’figuration  are  similar  to  those  for  a  non-povered  air -filled  ballast 
system. 


Figure  3-19.  Flight  Ccnf igurat: on  of  a  Low  Net  Lift  Winch 
Powered  He lium -Filled  Ballast  System 


In  conclusion  it  is  believed  that  powered  ballast  systems  have  similar 
flight  configurations  and  associate  launching  and  handling  problems  as 
their  counterpart  non -powered  systems.  This  conclusion  is  predicated  on 
the  assumption  that  the  power  components  are  not  particularly  large  nor  do 
they  require  special  flight  system  configurations  when  applied  to  the  nor.- 
powered  systems. 
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CONCLUSIONS 


In  this  report  sane  of  the  more  practical  aspects  in  the  application 
of  air  ballast  systems  to  the  control  of  free  flight  balloons  have  been 
examined.  Also  examined  were  instrumentation  and  controls  associated 
with  each  type  of  ballast  system.  For  non-powered  air  ballast  systems 
(mass  expulsion  and  sealed  cell  types}  it  appears  that  off-the-shelf 
transducers  lor  pressure  and  temperature  can  meet  t'ns  requirements  for 
all  sizes  of  ballast  systems.  The  standard  A/D  conversion  units,  VCO's 
and  other  similar  analog  conversion  techniques  can  also  be  obtained, 
either  through  design  or  use  of  off-the-shelf  components,  for  telemetering 
the  requred  data  to  ground  control  stations  using  standard  balloon  telem¬ 
etry  equipment.  Although  higher  accuracies  anc  resolutions  are  required 
for  large  ballast  systems,  especially  for  differentia1  pressure  and  alti¬ 
tude  measurements,  the  overall  costs  for  instrumentation  are  approximately 
the  same  for  all  sizes  of  ballast  systems. 

The  required  ballast  control  valves  for  air  ballast  systems,  however, 
are  not  read fly  obtainable  and  those  that  are  available  generally  require 
same  modification  for  adaptations  to  the  specific  requirements  of  a  par¬ 
ticular  ballast  system.  For  example,  simpl-  mechanical  spring  type  relief 
valves  for  small  (25  foot  diameter  or  smaller)  ballast  bags  are  suitable 
if  modified  to  allow  remote  electrical  actuation  for  more  accurate  control 
of  the  internal  pressure  of  the  bag.  Mechanical  spring  type  relief  valves 
axe  available  with  setting  accuracies  about  ±10  percent.  Large  ballast 
bags,  however,  require  more  accurate  pressure  settings  at  very  low  differ¬ 
ential  pressures  and  this  accuracy  cannot  be  maintained  by  simple  spring  - 
accion  relief  valves.  Specially  designed  EV-13  type  helium  valves  will 
have  to  be  designee  along  with  appropriate  circuitry  and  low  pressure 
differential  transducers  for  automatically  cor.  trolling  pressures  within  a 
large  sealed  ceil  ballast  bag. 

Instrumentation  and  controls  for  powered,  air  ballast  systems  at  this 
time  cannot  be  discussed  in  detail  because  the  major  components,  such  as 
light-weight,  low  powered  winches  ana  compressors,  are  not  available, 
when  development  work  in  this  area  specif! caliy  aimed  at  the  requirements 
for  powered  air  ballast  systems  is  accomplished,  instrumentation  and  con¬ 
trols  for  powered  systems  should  be  available  utilizing  off-the-shelf 
components. 


The  flight  configuration  of  ai.  air  ballast  system  is  dependent  on 
both  the  gas  used  inside  the  ballast  bag  and  the  size  of  the  bag.  The 
launching  and  handling  problems  associated  with  the  flight  configuration 
of  an  air  oallast  system  depends  not  only  on  the  size  of  the  bag  but  also 
on  the  operating  altitude  of  the  system.  The  higher  the  altitude  at  which 
the  system  operates  the  greater  the  gas  expansion.  Consequently,  for  a 


given  size  bag,  a  smaller  amount  of  gas  is  required  at  ground  level  for 
high  altitude  flights. 

In  determining  the  flight  configuration  of  an  air  ballast  system, 
it  is  necessary  to  consider  the  handling  and  launching  problems  associated 
with  the  system.  For  air -filled  ballast  bag  systems  it  was  found  that 
ballast  bags  50  feet  in  diameter  or  larger  vert  too  difficult  to  handle 
or  launch  with  conventional  equipment  and  techniques.  It  is  concluded 
therefore  that  new  launch  equipment  and  techniques,  along  with  new  hand¬ 
ling  techniques,  must  be  developed  in  order  to  launch  and  fly  large  air-' 
filled  ba’tast  systems. 

Helium-fill  A  ballast  systems,  however,  lend  themselves  generall;.  to 
conventional  handling  and  launch  techniques,  especially  for  large  ballast 
bags.  Still,  there  are  some  problems  associated  with  helium-filled  ballast 
bags  that  have  less  than  10  percent  net  lift  at  launch.  If  the  bag  is 
over-filled  with  helium  to  achieve  more  than  10  percent  free  lift,  at  launch, 
the  excess  gas  must  be  vented  off  as  the  system  ascends  to  operational 
altitude.  While  this  is  not  considered  a  critical  problem,  it  is  necessary 
to  ensure  that  the  relief  valve  is  properly  designed  to  vent  out  tne  excess 
helium  at  the  proper  rate.  There  are  flight  configurations  for  helium- 
filled  ballast  bags  with  less  than  10  percent  free  lift  which  can  be 
handled  with  conventional  equipment  and  techniques.  However,  for  seme  of 
these  co.  figurations,  new  balloon  fabrication  techniques  must  be  developed 
before  these  flight  configurations  can  be  used. 

In  conclusion,  air  ballast  systems  can  be  instrumented  and  flown  in 
most  cases  with  conventional  or  off-the-shelf  components  and  equipment. 
Systems  using  large  payloads  are  more  difficult  to  handle  and  launch  than 
small  payload  systems.  There  do  not  appear,  however,  to  be  any  design 
limitations  in  the  size  of  the  ballast  system  as  far  as  handling,  launching, 
v.*  instrumentation  other  than  limitations  imposed  by  th *  fabric  parameters 
or  rhe  ballast  bag,  as  discussed  in  detail  in  Report  No.  1.  In  addition, 
balloon  flight  systems  with  helium-filled  ballast  bags  can  not  only  carry 
much  greeter  payloads  than  air -filled  bag  systems,  but,  especially  for  large 
ballast  systems,  are  also  easier  to  handle  and  launch. 
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APPENDIX  A 


DETERMINATION  OF  EXHAUSTING  TIME  FOR  PRESSURIZED 
SPHERES  WITH  CIRCULAR  ORIFICES 


A  spherical  balloon  is  fill  -d  with  air  or  helium  under  pressure  P^. 
When  the  ballast  valve  with  a  c  .ular  orifice  of  area  Ac  is  opened,  the 
differential  pressure,  a  P,  drops  as  the  gas  inside  the  bag  is  exhausted 
through  the  valve.  The  problem  is  to  determine  the  time  it  takes,  once 
the  valve  is  opened,  for  aP  to  drop  to  zero.  Using  Figure  A-i,  the 
following  assumptions  are  made: 

1.  Stretch  of  the  bag  is  negligible. 

2.  No  heat  transfer  occurs  during  exhaust  stage;  that  is,  we  have 
adiabatic  expansion  of  gases: 


Adiabatic  expansion: 


k-1 


( A-l) 


3.  Flow  of  the  gas  through  the  valve  is  described  by  compressible 
adiabatic  flow  (w)  through  a  circular  orifice: 


w  =  CAc  Pc 


m) 


k-l 

nr 


(A-2) 


where , 

C  =  orifice  coefficient  (0.6l) 

R  =  gas  ~  on  slant  (air  -  52.5,  ne-lium  =  1.66) 

2 

gc  =  gravity  constant  (32.2  ft*/ sec. ~) 
w  =  flow  rate  (lb. /sec.) 


A-i. 


=  circular  orifice  area 

Pl,T!  »  pr  Hcsure  and  temperature  inside 
sphere 

Pg,Tg  =  atmospheric  pressure  and 
temperature 

d  =  diameter  of  orif:>ce 
=  sphere  (bag)  volume 


*  P 

If  vs  assume  A  t  to  be  small,  then  *y  will  be  small  over  this  period  of 
time.  Hence  the  change  in  density  of  gas  (A p)  can  be  determined  from  equation 
(A -6)  in  the  following  manner: 


A-2 


U1 

1*2  J 


=  sec  4  . 


(A-ll) 


Then  by  differentiating  both  sides  of  equation  (A-ll): 


2k 

2k  P 

dp  3  t r  Esec  *  3 


+nr.  4  d4 


(A-12) 


Substitution  of  equations  (A-ll)  and  (A-12)  into  (A-10)  yields 


- f=.-~  ■  —  f 

Ac  c  J  Sc  k  (k-1)  7  (sec  4)  df 


(A-13) 


where  ^  g  -  arcsec 


(V) 


If  t;ie  bag  is  filled  with  air,  k  =  =  1.4;  thus 


-T==  •  f 

V  -s8ec  i  J 


1 

COS  4 


(A-14) 


Let  y 


;  thus 


.28  gc  et2 


(A-15) 


t  s  -  air  I  sin£ 

c  -  - | 


i £  r  sin *,  +  3  /  sin  I  +  (£eC£ 

.  ^  3  (  2 

Ac  j_  4  cos  £  \  cos  £ 


+  tan  l 


2  / 
Let  x  =  cos  £  =  / 


'(P2  ) 


(from  Equation  (A-ll)); 


then  as  a  final  result  for  an  air  filled  bag: 


y  air 


r  V  1-x  ♦  3  V  1-x  +  3  n/n  v'  1-x  \1 

[  1^—  B  — r  8  V  vTT-  )J 


where  x- 


-  -fe ) 1 
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Similarly,  for  a  helium  filled  bag,  where  =1.66 


^  He  (  v/l-x  +  1  In  T  1  +  vT-xl 

Ac  \  2x  2  L  Vx-  J 


where  Xi 


•••(ft)' 


C  V  .55  gc  RT2 
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For  a  specific  example,  assume  a  100  foot  diameter  2  Mil  Mylar  ballast 
bag  at  80,000  feet  altitude  pres suri zed  with  air  to  =  10,000  psi.  The 
problem  is  to  determine  what  orifice  area  (Ac)  is  required  to  exhaust  the 
bag  within  30  minutes.  The  initial  internal  pressure  Pt_  of  the  ballast  bag 
is  determined  by 


=  pg  +  a  P,  where 


A  P  = 


24  sx  tb 
r(  1  +  3Si/S) 


(A-18) 
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wsaunary  oi‘  conditions  at  80,000  feet  altitude: 


P2  =  581/ft - 

r  = 

50  feet 

T2  =  398 °R 

*c  - 

30  minutes 

W  =  53.5  "/ft 

S1  = 

10,000  psi 

kair  -  '-k 

t  = 

.002  " 

c  =  0.61 

E  = 

800,000  psi 

gc  =  32.2  ft. /sec2 

vl8(X)  seconds) 


From  equation  (A-l8), 

Px  =  58.0  +  9.27  =  67.25  #/ft2 


From  equation  (A-15) 

4  r  503 

y  air  =  1 _  =  1.945  x  103 

.61  ^  .28  •  32.2  •  53.5  •  398 

From  equation  (A-l6)  then; 


1800  =  1«945x103  *  V  1-x  +  3  V  1-x  +  3 

Ac  __  4x^  8x8 


or 

Ac  =  ,228  ft2 

H2  o 

A  =  =  .228  ft 

c  “IT 

or, 

d  =  0.54  ft  =  6.50  inches 


Thus  we  find  that  a  100  foot  bag  should 
order  that  all  of  its  air  pressure  be  valved 


have  a  6 \  inch  diameter 
out  within  30  minutes. 


valve  in 
If  we 


A-6 


only  require  percent  of  the  pressure  to  be  valved  out  in  30  minutes, then 
trail  equation  (A-13),  we  find  thau  a  valve  5.3  inches  in  diameter  will  be 
sufficient.  At  80,000  feet  altitude,  a  100  foot  diameter  bag  can  con¬ 
tain  105  pounds  of  air  ballast.  Thus  if  we  use  a  5.3  incn  valve,  approxi¬ 
mately  6.6  pounds  of  air  ballast  will  be  left  after  30  minutes.  It  is 
therefore  concluded  that  a  6  inch  valve  should  be  sufficient  for 
exhausting  a  100  foot  diameter  air  pressurized  bag  at  80,000  feet 
within  the  time  of  sunset  effect. 

If  the  bag  were  filled  with  helium,  equation  (A-17)  is  then  used: 

Rue  =  3867ft 

C  =  0.6l  (assumed) 

k  =  1.66  , 

thus  Vjje  =  5.19  x  102. 

Using  equation  (A-17): 


Ac  =  .0710  ft2  ,  d  =  3.6I" 

Thus,  if  the  100  foot  diameter  bag  were  pressurized  with  helium  in¬ 
stead  of  air,  a  3.61  inch  diameter  valve  could  fully  exhaust  the  bag 
within  the  required  30  minutes. 


APPENDIX  B 


DETERMINATION  OF  EXHAUST  REQUIREMENTS  FOR  AH  ASCENDING  SEALED  CELL  SYSTEM 

V 

A-  cuine  a  bag  containing  a  certain  quantity  of  gas  ascends  to  some 
altitude  hc  at  which  point  the  bag  has  a  differential  pressure  A  Pc.  The 
relief  valve  is  assumed  to  fully  open  when  the  differential  pressure 
reaches  aPg  and  remains  open  until  the  balloon  reaches  altitude.  In 
actual  practice,  the  valve  should  shut  whenever  the  differential  pressure 
drops  below  the  desired  final  differential  pressure  APp.  For  simplifi¬ 
cation,  however,  we  mav  the  former  assumption  in  order  to  assure  ourselves 
that  the  valve  lias  sufficient  capacity  to  valve  off  enough  excess  gas  with¬ 
out  exceeding  the  maximum  allowable  differential  pressure  in  the  ballast 
bag.  If  the  valve  is  large  enough,  the  valve  will  shut  periodi tally 
allowing  the  pressure  to  build  back,  up  in  the  bag  while  ascending,  and  open 
whenever  the  differential  pressure  exceeds  AP0. 

From  equations  (A-2)  and  ( A— 5 )  in  Appendix  A; 


k-1 

dFp/  (Pp/Pg )  k 

pa  V  [pi/p2]Ti  -  i 


u 

< 

o 

« 

J2&0  k 

L  \  1 

r  k-1 

dt 


(B-l) 


At  this  point,  a  basic  assumption  is  made  that  the  atmosphere  over  the 
region  of  interest  is  isothermal  and  that  the  ratio  between  the  pressure  in 
the  ballast  bag  and  outside  ambient  pressure  remains  constant  while  the 
valve  is  open  and  the  bag  is  ascending  i.e., 


P 

i 


=  "o  P2 


(B-2) 


where  P2c_q  (  «q  -  1)  =  A PQ  (initial  opening  differential  pressure) 
aia  a  o  =  constant . 

Equation  (B-l)  therefore  can  be  rewritten  as; 


A  at,  where 


(B-3) 
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The  differential  equation  (B-3)  is  so3ved  by  integrating  both  sides 
of  the  equation 

P.  =  a  P9  •  e  (B-4) 

x  0  2t  =  0 


Note  at  time  t  =  0,  P  =  a  -P  ,  where  P p  is  the  ambient 

=  0  t  =  0 

pressure  when  the  va3.ve  first  opens. 

For  further  simplification,  it  is  assumed  that  the  ambient  pressure 
follows  the  basic  hydrostatic  law: 


* 

p  =  p  .  e"  ^  ^  Csc®3!z  (B-5) 

a  %  .  o 

From  equation  (B-4),  A  =  constant;  assume  g*  =  g£  (constant  gravity). 
Then  from  equation  (B-5) 

v  =  dz/dt  =  =  constant  .  (B-6) 


That  is  to  say,  if  it  is  assumed  that  a0  =  constant,  then  the  ascent 
velocity  »•  must  also  be  a  constant.  It  is  therefore  found  that  giv^r.  an 
initial  opening  pressure  A  PQ  and  an  ascent  velocity  »•  ,  the  required  orific 
size  of  the  relief  can  be  determined: 
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Note  tnat  R.  i'  Uic  ran  constant 
e one tar t  for  tne  gac  inside  the  bag. 
P.d  =  Ra- 


for  ambient  air  and  Rb  is  the  gas 
If  the  bag  is  filled  with  air, 


As  an  r .''ample,  consider  a  lo  foot  diameter  2  mil  Mylar  bag  filled 
with  helium  which  is  launched  with  20  percent  free  lift.  The  first  step 
in  the  problem  is  to  determine  at  what  altitude  the  bag  becomes  fully 
pressurized.  It  is  assumed  that  the  bag  can  withstand  a  skin  stress  up 
to  12,000  psi  and  that  the  relief  valve  is  designed  to  fully  open  at  that 
setting. 

Fran  equation  (A-l8)  in  Appendix  A,  this  skin  stress  it  equivalent 
to  a  bag  differential  pressure  of 


iP  =  ,  2k . ■-  L 2,000  f^02  =  68.6  #/ft2  . 

o  8  (i  +  3  12, ooo/ Hoo, ooo) 

The  gross  weight  of  the  bag  is  given  as: 

2  2 

4  *r  =  4  •  3.14  8  (0.0147)  =  11.8# 


With  20  percent  free  lift,  the  gross  lift  of  the  gas  inside  the  bag 
must  be: 


Gb  =  (1.20)  (11.8)  =  15.6# 
2 


-2  3 

The  specific  lift  of  helium  on  the  gromd  is  given  as  6.587  x  10  lb. /ft 
and  the  density  as  1.06  x  ]0"2  ib./ft.-^.  Therefore  the  mass  of  helium  in¬ 
side  the  bag  is: 


15.6  lb.  x  (1.06  x  10“2)  =  2.52  lb. 
6.587  x  KT2 


Frctn  the  perfect  gas  law,  p  =  ,  we  can  find  the  mass  of  helium  in- 

RT 

side  the  bag  when  fully  pressurized: 


2.52  =  V.  P1  =  it  *  r^i+SS-L/E) 

D  i  3  rt. 


! 't  *  r"(l+3S  /E) 


ar, 

JL 


<P2+aPo> 


2.52  = 


5.8  (Pg  +  68.6) 
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''Ltitude  ii„  which  ha.:3  a  corresponding  air  temperature  Tp  and  pressure 
P_  that  will  satisfy  the  conditions  of  the  above  equation  is  now  determined. 

NOTE :  Assume  Tp  =  T]  initially. 

By  iteration,  we  find  that  at  hc  =  68,500  feet,  the  bag  tecan.es  fully 
pressurized  and  begins  venting  helium.  From  analysis  of  balloon  flight 
trajectories  velocities  of  1,000  to  1,200  feet  per  minute  are  not  unlikely 
at  this  altitude  if  the  operational  altitude  of  the  balloon  system  is  VbO're 
68,500  feet. 

At  68,500,  Pp  =  101.4  #/ft  .  The  required  area  of  the  relief 

t  =  0 

valve  orifice  is  therefore  determined  from  equation  (B-7): 
a  =  1  +  68.6  =  1.675 

T3CT 

Ra  =  53.5  °/ft. 

Rb  =  386  °/ft. 

k  =  1.66 

»■  =  1200  ft. /min.  =  20  ft. /sec.  (assume) 

T2  =  391  °R 

Ac  =  1.95  x  10“3  ft2  =  .281  in2 
■tr  =  Ac  «=  .281  in2 
d  =  .598  in. 

Therefore  a  relief  valve  with  an  orifice  diameter  of  .596  inch  will 
be  able  to  valve  off  the  excess  gas  on  a  16  foot  bag  at  68,500  feet  ascending 
at  the  rate  of  1200  feet/minute. 

If  the  operational  altitude  of  the  ballast  bag  is  70,000  feet,  the 
ambient  pressure  then  is: 

P2  =  94  #/ft2 

Since  .i0  was  determined  to  be  1.675,  then  from  equation  (B-2) 

2 

APf  =  P2  (  «0  -  1)  =  63.5  #/ft  . 

This  corresponds  to  a  skin  stress  on  the  bag  of  about  =  11,000  psi. 
Since  th .  operational  pressure  should  be  about  Sp  =  10,000  psi,  then  the 
valve  must  still  remain  open  for  a  short  time  longer  in  order  to  bleed  the 
extra  pressure  in  the  bag  to  the  right  level. 
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APPENDIX  C 


DETERMINATION  OF  LARGEST  BUBBLE  ThAT  CAN  BE  HANDLED  BY  A  UO-FOOT  BOOM  CRANE 


Assume  that  the  ballast  bog  forms  a  spherical  bubble  of  a  radius  r 
which  is  suspended  a  distance  x  from  the  top  of  the  boom  crane  of  length 
L.  Assume  also  that  the  crane  is  well  padded  and  that  the  maximum  size 
bubble  rests  tangent  to  the  boom  and  tangent  to  the  level  of  the  base  of 
the  boom  as  shown  in  figure  C-l. 


Figure  C-l.  Determination  of  Maximum  Size  Bubble  With  kO-foot.  Boom  Ci*ane, 


If  the  base  of  the  boom  is  about  1-  feet  above  the  ground  then  the  bubble  is 
kept  high  enough  off  the  ground  that  it  will  not  scrape  the  ground  wiixe  the 
crane  moves  around  during  a  dynamic  launch. ' 

From  the  geometry  of  the  above  figure  the  following  equations  are  written 


L  sin  4>  =  x  +  2r 


(C-l) 


x  =  r/ cos  4>  -r 


(C-2) 


Simultaneous  solution  of  equations  (C-l)  and  (C-2)  yields  uhe  following 
for  r: 


r  =  L  sin^  (C~3) 

( sec  4>  +1) 

To  find  the  maximum  value  for  r  for  given  Doom  length  L,  we  differentiate 
r  with  respect  to  and  set  it  equal  to  zero: 


dr 

d<f> 


2 

L  +  L  cos  4>  -  L  tan  4>  _  n 

- - g - u 

(sec  j>  +  l) 


Equation  (C-4)  reduces  to 

2 

COS  <i '•  f  CCS  -  1  ts  0 


Solving  for  cos  4>  by  the  quadratic  formula. 


(S-4) 


(C-5) 


cos  *  =  ~1  *  +  ^  «  0.615 

2 


*  =  42° 


If  the  boon  crane  with  an  extension  has  a  length  40  feet,  then  from 
equation  (C-3),  the  maximum  bubble  radius  which  can  be  handled  is  determined 
to  be; 


(40)  (O.669) 

-  TCCI5-  +  1  “  10'2  feet 

Fran  equation  (C-l),  the  distance  the  bubble  is  supported  below  the  top 
of  the  crane  is; 


x  =  (40)  (0.669)  -  2  (10.2)  »  6.4  feet. 
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The  results  are  summarized  in  figure  C-2. 
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List  of  Gymbol.. 


Symbol 

Definition 

Units 

A 

Air  ballast;  weight  of  air  in  ballast  bag  less 
weight  of  a.T.bient  air  displaced. 

lbs. 

A-c 

Area  of  ballast  valve  orifice 

ft2 

E 

Modulus  of  elasticity 

,  2 
lbs./ in. 

F 

Free  lift 

lbs. 

F(S) 

Function  of  fabric  parameter 

dimensionless 

a 

D 

Ballast  bag  gross  lift 

lbs. 

L 

Length 

ft. 

N 

Percentage  of  superheat  in  main  balloon 

decimal  of  ambient  air 

Ni 

Daytime  superheat  effect:  = 

decimal  of  Ta 

W2 

Nighttime  superheat  effect:  =  mb 

decimal  of  T& 

P 

*a 

Pressure 

lbs. /ft2 

o 

a, 

< 

Differential  pressure  at  time  t  =  0 

lbs. /ft2 

APf 

Final  differential  pressure 

lbs. /ft2 

APb 

Pressure  in  the  ballast  bag 

lbs. /ft2 

R 

Gas  constant 

ft ,/°R 

R 

a 

Gas  constant  for  ambient  air 

53.5  ft./°R 

«b 

Gas  constant  for  gas  in  ballast  bag 

ft./°R 

%e 

Gas  constant  for  helium 

386  ft ,  / °R 

°R 

Degrees  Rankin 

c 

yj 

Ballast  bag  fabric  stress 

2 

lbs. /in 

T 

Temperature,  general 

°R 

Ta 

Ambient  air  temperature 

°R 

Gloss -I 


Symbol 

Definition 

Units 

Temperature  of  fas  in  ballast  bag 

°P 

^mb 

Temperature  of  gas  in  main  balloon 

°R 

% 

Volume  of  ballast,  bag,  unstretched 

ft3 

Wb 

Total  weight  of  ballast  bag  fabric 

lbs. 

d 

Ballast  valve  orifice  diameter 

in. 

gc 

Gravity  constant 

32.2  ft. /'sec2 

g* 

Local  acceleration  of  gravity 

ft./sec^ 

®L 

Specific  lift  of  helium 

lbs. /ft 3 

h 

Altitude 

it. 

k 

Gas  constant  =  Cp/Cy 

dimensionless 

n 

Percentage  of  superheat  in  ballast  bag 

decunal  of  ambient 
air  temperature 

r 

Radius  of  ballast  bag 

ft. 

s 

Ballast  bag  linear  fabric  stress 

lbs. /ft. 

kap 

Ballast  bag  linear  fabric  stress  due  to 
differential  pressure 

lbs. /ft. 

sload 

Ballast  bag  linear  fabric  stress  due  to 
load  forces 

lbs. /ft. 

stotal 

\p  ‘  sload  =  s 

lbs. /ft. 

t 

Time 

seconds 

Ballast  bag  fabric  thickness 

inches 

Time  to  complete  exhausting 

seconds 

w 

Gas  flow  rate 

lbs. /sec. 

V 

b 

Ballast  bag  unit  fabric  weight 

lbs. /ft c 

wmb 

Main  balloon  unit  fabric  weight 

lbs. /ft* 

z 

Variable  altitude 

ft. 

Gloss -2 


Pressure  ratio;  P]_/p? 

n — r 

Flow  rate  variable;  C?2  ■Aj  d&c  *■ 


RT2  (k-1) 


Flow  time  variable;  V-D 


C  1 8c  «c(k-3.)KTg 


dimensionless 


lb. /ft  -sec 


ft^-sec 


Differential  symbol 
Load  force  angle  on  ballast  bag 
Superheat  in  ballast  bag 
Superheat  in  main  balloon 


Ascent  velocity 


dimensionless 


degrees 

°F;  Sb  -  nTa 

“ft  -  HTa 


ft/sec 


Time  pressure  constant 


Density  of  ambient  air 
Density  of  gas  in  ballast  bag 
Density  of  helium 


3.14159 
lbs. /ft 3 
lbs. /ft 3 
lbs. /ft 3 


Main  balloon  fabric  parameter 


dimensionless 


Subscripts 


Conditions  during  the  day;  or  inside  ballast  bag 
Conditions  during  the  night;  or  outside  ba^xast  bag 


Ambient  air 


Ballast  bag 
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This  report  examines  sane  of  the  more  practical  aspects  in  the 
application  of  air  ballast  systems  to  the  control  of  free -flight 
balloons.  Bach  type  of  air  ballast  system,  as  defined  in  Scientific 
Report  No.  1,  is  analyzed  for  the  cost,  availability  of  materials, 
components ,  and  instrumentation  required.  In  addition,  for  each 
type  of  air  ballast  system  deemed  feasible,  the  possible  flight 
system  configurations,  associated  launching  problems,  and  methods  to 
solve  the  problems  are  investigated.  It  is  the  conclusion  of  this 
report  that  most  air  ballast  systems  can  be  instrumented  and  flown 
with  conventional  or  off-the-shelf  components  and  equipment.  Systems 
using  very  large  payloads  are  more  difficult  to  handle  and  launch 
than  smaller  payload  systems  and  probably  will  require  seme 
development  in  new  launching  techniques  and  associated  equipment. 
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